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FOREWORD

This report documents Phase A, Part II of An Analytical and Conceptual De-
sign Study for an Earth Coverage Infrared Horizon Definition Study performed

under National Aeronautics and Space Administration Contract NAS 1-6010
for Langley Research Center.

The Horizon Definition Study was performed in two parts. Part I, which was
previously documented, provided for delineation of the experimental data re-
quired to define the infrared horizon on a global basis for all temporal and
spatial periods. Once defined, the capabilities of a number of flight tech-
niques to collect the experimental data were evaluated.

The Part 1I portion of the study provides a measurement program plan which
satisfies the data requirements established in the Part I study. Design re-
quirements and the conceptual design for feasibility of the flight payload and
associated subsystems to implement the required data collection task are
established and documented within this study effort.

Honeywell Inc. Systems and Research Division performed this study pro-
gram under the technical direction of Mr. L. G. Larson. The program was
conducted from 28 March 1966 to 10 October 1966 (Part 1) and from 10
October 1966 to 29 May 1967 (Part II).

Gratitude is extended to NASA Langley Research Center for their technical
guidance, under the program technical direction of Messrs. L. S. Keafer

and J. A. Dodgen with direct assistance from Messrs. W. C. Dixon, Jr.,

E. C. Foudriat, H. J. Curfman, Jr., K. Crumbly, and J. Daniel, as well
as the many people within their organization.
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ORBITAL OPERATIONS AND ANALYSIS

FOR A 15-MICRON HORIZON RADIANCE
MEASUREMENT EXPERIMENT

By William F. Vogelzang

James J. Baltes
David K. Scharmack

SUMMARY

The orbital operations and analysis documented in this report consisted of
the evaluation of orbit and orbit-related parameters, an evaluation of
accuracy of spacecraft position determination, a preliminary tracking and
data acquisition plan, and the conceptional design of an attitude determination
system. The purpose of these studies was to assure compatibility between
the mission requirements, the spacecraft, and the ground stations associated
with tracking and data acquisition. The analysis and interpretation of results
associated with these studies are presented.

It was determined that a nominally circular, 500-km altitude, sun-
synchronous orbit (97. 38°) with initial ascending node at 3:00 p. m. local
time, and launch date of 28 October meets the experiment and system require-
ments for the mission. The Western Test Range (WTR) should be used for
the launch site and a 2-stage Improved Delta vehicle should be used to
achieve adequate injection accuracy. The S-band Range/Range-Rate system
should be used to obtain the raw tracking data. The vhf STADAN telemetry
command links should be used as primary links since the best telemetry
coverage can be obtained by using stations with the vhf capability. The
Range and Range-Rate S-band system is recommended as a back-up link.
The tone-digital command system is recommended since it can handle the
type and quantity of commands required while resulting in minimum space-
craft equipment complexity. A starmapper and attitude determination con-
cept was developed capable of determining the pointing direction of the
spacecraft radiometer to an accuracy of 0.25 km in tangent height at the
earth's horizon.



INTRODUCTION

The orbital operations studies and analyses documented herein are a portion
of the Horizon Definition Study (HDS) conducted for NASA Langley Research
Center, Contract NAS 1-6010, Phase A Part II. The purpose of the Horizon
Definition Study is to develop a complete horizon radiance profile measure-
ment program to provide data for use by the scientific and engineering
communities in the design of instruments and measurement systems which
use the earth's horizon as a reference,

Part I of the HDS resulted in the following significant contributions to the
definition of the earth's radiance in the infrared spectrum:

° The accumulation of a significant body of meteorlogical
data covering a major portion of the Northern Hemisphere.

° Computation of a large body of synthesized horizon
radiance profiles from actual temperature profiles
obtained by rocket soundings.

. Generation of a very accurate analytical model and
computer program for converting the temperature
profiles to infrared horizon profiles (as a function
of altitude).

° An initial definition of the quantity, quality, and
sampling methodology required to define the earth's
infrared horizon in the C02 absorption band for all

temporal and spatial conditions.

. An evaluation of the cost and mission success
probabilities of a series of flight techniques which
could be used to gather the radiance data. A
rolling wheel spacecraft was selected in a nominal
500 -km polar orbit,

The Part II study effort was directed toward the development of a conceptually
feasible measurement system, which includes a spacecraft to accomplish the
measurement program developed in Part I. In the Part II HDS, a number of
scientific and engineering disciplines were exercised simultaneously to con-
ceptually design the required system. Accomplishments of Part II of the
study are listed below:

° The scientific experimenter refined the sampling
methodology used by the measurement system. This
portion of the study recommends the accumulation of
approximately 380 000 radiance profiles taken with a

sampling rate that varies with the spacecraft's latitudinal
position.




A conceptual design was defined for a radiometer
capable of resolving the earth's radiance in the

15-micron spectrum to 0,01 watt/meterz-steradian

with an upper level of response of 7.0 watt/meterz—
steradian.

A starmapper and attitude determination technique
were defined capable of determining the pointing
direction of the spacecraft radiometer to an accuracy
of 0. 25 km in tangent height at the earth's horizon.
The combination of the radiometer and starmapper
instruments is defined as the mission experiment
package.

A solar cell-battery electrical power subsystem conceptual
design was defined which is completely compatible with the
orbital and experiment constraints. This system is
capable of delivering 70 watts of continuous electrical
power for one year in the sun-synchronous, 3 o'clock
nodal crossing, 500-km orbit.

A data handling subsystem conceptual design was defined
which is capable of processing in digital form all cientific
and status data from the spacecraft. This subsystem

. is completely solid state and is designed to store the

515 455 bits of digital information obtained in one
orbit of the earth, This subsystem also includes
command verification and execute logic.

A communications subsystemconceptual design was

defined to interface between the data handling system of the
spacecraft and the STADAN network. The 136 MHz

band is used for primary data transmission and S

band is used for the range and range-rate transponder.

A spacecraft structural concept was evolved to
contain, align, and protect the spaceborne sub-
systems within their prescribed environmental
constraints. The spacecraft is compatible with
the Thor-Delta launch vehicle.

An open loop, ground-commanded attitude control
subsystem conceptual design was defined utilizing
primarily magnetic torquing which interacts with the
earth's field as the force for correcting attitude and
spin rates.

The Thor-Delta booster, which provides low cost
and adequate capability, was selected from the 1972
NASA '"stable'".



Western Tes;t Range was selected as the launch site due
to p.’o'la.r orbit requirements. This site has adequate
facilities except for minor modifications to handle the

program and is compatible with the polar orbital
requirements,

This report contains documentation of the areas of study not directly related

to the conceptual design of the vehicle but are directly related to orbit
characteristics and orbit operations, The studies documented herein are:

™ Mission Profile

° Vehicle Position Determination
. Data Acquisition

° Attitude Determination

The objectives of these studies are as follows:

. To identify the characteristics and environmental
factors associated with the orbits of interest and to
select that orbit which best meets the mission goals.

. To establish positional accuracy requirements and
to evaluate on a preliminary basis the accuracy with
which the geocentric position of the spacecraft can
be determined.

° To define, from systems requirements and feasible
subsystem concepts, a data acquisition concept which
utilizes with little or no modification the Goddard
space tracking and data acquisition network,

. To establish spacecraft attitude accuracy requirements
and to evolve a preliminary design concept which will
meet the accuracy, operational, and environmental
requirements of the spacecraft.

The detailed studies performed to meet these objectives are presented in the
four major sections of this report corresponding to the four areas of study
listed above.




MISSION PROFILE

INTRODUCTION AND OBJECTIVES

The mission profile study was concerned with the evaluation of orbit and
orbit-related parameters pertinent to the experiment effectiveness, system
design, or mission operations planning. This study is actually an extension
of the Phase A, Part I flight techniques analysis. Computerized mathemati-
cal modeling was used to a great extent in performing this analysis. This
automation enabled a more precise analysis to be made, greatly extended the
number of parameters and range of parameter variations possible, and made
generalized models available for rapid study of new orbits and/or parameters
which were needed as the system study progressed. Highly accurate trajec-
tory simulations were not required in this study; rather the emphasis was
on parametric evaluation of the variables pertinent to the mission planning
and systems design. Although there was considerable overlap and reiteration,
the mission profile study was essentially conducted in three phases:

[ Parametric investigations. In this phase, the objective
was to examine the orbits feasible from an experiment
point-of-view in order to assess the effects on the
system and mission. During this phase, no attempt
was made to narrow the selection of possible orbits.

° Orbit selection. In this phase, those orbits which
appeared to best meet the mission goals and yield
possible solutions to system design problems were
examined in more detail. Analysis of deviations
from nominal orbits and their effects were made.

In this phase, the 3 o'clock, sun-synchronous,
500-km orbit was selected as the nominal HDS orbit,

° Detailed analysis of selected orbit. In this phase,
exhaustive evaluations of sun-angle geometry,
tracking/telemetry coverage, drag decay, etc.,
were conducted.

These phases of the study will be covered in the following sections.



MISSION PROFILE REQUIREMENTS

The mission profile investigation was initially guided by the basic require-
ments imposed on the study, primarily the following:

° Orbit altitude will be above 150 km

° Orbit will be chosen with consideration of Space
Tracking and Data Acquisition Network (STADAN)
system coverage

° Orbit will be compatible with launch site and
launch vehicle

® Orbit will be near polar
° Orbit duration will be at least a year

Although the orbit altitude is explicit in the study requirements, in reality,
the orbit altitude is primarily determined by the one-year duration require-~
ment as will be seen later,

STADAN utilization is imposed on the mission profile analysis as a general
requirement. Since the extent of STADAN coverage is not spelled out, it is
really a requirement on the study approach, not on the system or mission.
Because of other considerations, the orbit cannot be optimized with respect
to STADAN coverage alone, Coverage with the STADAN system, assuming
circular orbits, is primarily a function of orbit altitude and inclination.

The launch site and launch vehicle requirement relates to launch site and
booster limitations. In conjunction with requirement for a near-polar orbit,
the launch site requirement dictates a choice of Vandenberg Western Test
Range (WTR) for the launch site if heavy payload penalties are to be avoided.
Launch facilities at WTR are available for all launch vehicles under consi-
deration such as Scout, the Delta series, Thor-Agena, and Atlas-Agena.
Compatibility of the orbit with the launch vehicle consists primarily of pay-
load-weight/orbit-parameter constraints and orbital injection error
tolerances which are suitable.

The near-polar requirement stems from the need for global coverage. The
term "near-polar'' is used since the polar regions can be seen by a satellite
in orbits which are "near enough' to polar.

The orbit duration requirement reflects the need for data coverage over a
complete range of seasons. Primarily, this requirement affects the orbit
altitude choice, since orbit altitude determines the orbital decay rate.

In addition to these basic requirements, the need for consideration of diurnal
variation data was imposed on the study. This aspect has influenced the




selection of alternate orbits and was a prime factor in selection of the orbit
discussed later,

PARAMETRIC INVESTIGATIONS

With the mission requirements as a guide, an analysis of several areas,
including atmospheric effects, launch site and booster constraints, solar
illumination, and telemetry/tracking coverage, was undertaken,

Atmospheric Effects on Missions

In spite of the extremely low atmospheric densities encountered at orbital
altitudes, the effects of the atmosphere are still measurable and possibly
significant below 600-km altitude. The two primary effects are reflected in
orbit lifetime and orbit determination accuracy. This section will be con-
cerned only with orbital lifetime effects, Orbit determination effects are
considered in the vehicle position section of this report,

The problem of determining orbit lifetime for elliptic orbits is somewhat
involved and has received considerable treatment in the past. For conceptual
design purposes, a circular orbit was assumed. Derivation of the basic
orbital altitude decay equation is straightforward, starting with the differen-
tial equations (in polar form) for a body in a central gravity field and
initially in a circular orbit. Neglecting periodic effects, the result is

dh/dt = Gn''% (1)
(M/CA)
where
h = orbit altitude
r = h + (earth radius)
t = time
H = earth gravitational parameter
P = atmospheric density
M = spacecraft mass
CD = effective drag coefficient
A = effective frontal area



This equation was numerically integrated "in reverse" from an initial
altitude of 100 km to a final altitude of 700 km. A piecewise exponential fit
to the . C. A. O. 1962 standard atmosphere was used. Figure 1 shows the
resulting decay profile. It should be remembered that the result is based on

a M/CDA of 100 kg/m2 (about 20 1b per square foot) which is the current
estimated value for the HDS spacecraft., For a different M/CDA, multiply
all time values on the graph by 0. 01 times M/CDA in kg/m®. The amount of

orbital decay in a given time can be estimated by entering at the left at
initial altitude, going horizontal to the curve, then dropping to the bottom
scale. Shift to the left by the given time (corrected for any difference in

M/CDA from 100 kg/mz), go vertically up to the curve, then horizontal

to the left scale where the final altitude can be read off,

Orbit lifetime can be read from Figure 1 directly (from altitude at left to
curve, down to lifetime in days). Note that, for M/CDA = 100 kg/mz, a one-

year life means a minimum altitude of 440 km. Because of injection errors,
atmospheric variations, and orbit determination requirements, this minimum
altitude would not be adequate, For present purposes, a 500km altitude has
been selected., Allowing for an extreme injection error of 60 km in semi-
major axis (440 km altitude) then, still allows a one-year life, assuming

M/CDA =100 kg/mz. Figure 2 shows the rate of orbital altitude decay as a
function of altitude for M/CDA =100 kg/mz.

Launch Site, Booster Constraints

For near-polar orbits, the WTR is clearly the most advantageous site for
launching., Severe range-safety constraints in the form of ascent trajectory
"dog-legging" or plane-changing would be emposed on an Eastern Test Range
(ETR) launch. Thus, for all foreseeable HDS orbital launches, the WTR is
recommended as the one to be used.

Detailed analysis of launch vehicle performance (payload weight as a function
of orbit parameters) is being carried out in the vehicle operations area of
this study. A nominally polar, 500-km circular orbit will be assumed for
this study. The approximate payload capability of some feasible launch
vehicles from WTR for this orbit are as follows:

° Scout (1966) 260 1b
® Scout (study) . 390 1b
. DSV -3G Delta (2-stage, direct injection) 420 1b
e . DSV-3G Delta (2-stage, Hohmann Transfer) 670 1b
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° DSV -3L Delta (2-stage, direct injection) 790 1b

° DSV-3E/X-258 Delta 1050 1b
° DSV -3L Delta (2-stage, Hohmann Transfer) 1210 1b
° DSV-3L/FW-4 Delta 1970 1b

The use of 2-stage versions of the Delta poses a particular advantage --
increased injection accuracy. While this is not extremely important for all
missions, it is crucial to attainment of sun-synchronous orbits such as the
selected orbit, Based on available data, an initial recommendation of the
DSV -3G or DSV-3L (two stage) Delta vehicle for the HDS mission is
indicated. The estimated injection errors for the 2-stage Delta (ref. 1)
are approximately:

Ai (inclination) 0.06°, 1 sigma
Aa (semi-major axis) 10 n. mi, = 18.5 km, 1 sigma

Converting this to an equivalent total 3-sigma error in inclination (in terms
of effect on nodal precession rate) for a 500 km, sun-synchronous orbit gives

. - R
A136 0.266

This value was used in predicting possible drift of the sun=-synchronous

orbit relative to the sun. A more complete error evaluation of injection

dispersions was performed by Douglas, and will be covered later.

Solar Illumination Profiles

Evaluation of solar-illumination and sun-angle profiles has been carried out
using a computer. A description of the program (SHASTA) is given in
Appendix A, With inputs consisting primarily of orbit altitude, inclination,
initial node location, and date of launch, and assuming circular orbits, the
program yields a time history of 1) fraction of orbit in earth's shadow,

2) angle from sun-line to orbit-perpendicular, and 3) local sun-time at
ascending node.  The program takes into account the orbital motion of the
earth, including first- and second-order eccentricity terms. It also takes
into account the first-order nodal precession of the spacecraft orbit itself.

Figures 3 through 7 are sample plots showing the shadow fraction and sun-
angle for three sun-synchronous and two polar orbits. Figures 3 through

5 are for identical orbit altitudes, inclinations, and launch dates, with only
the launch time (corresponding to nodal location) being different. These
three orbits are sun-synchronous, and the resulting difference in profiles
illustrates the strong effect of initial nodal location on this type of orbit.

Figures 6 and 7 are for identical polar orbits, one for a noon launch, the
other for a 6 p. m. launch, both on the same day. Although the difference

11
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in profiles is significant, the effect on spacecraft design is not significant
because of the basic cyclic character in either case.

It should be mentioned that the angles plotted in Figures 3 through 7 are
restricted to the range 0° to 90°. For the polar orbits, it should be pointed
out that, in reality, the sun moves from one side of the orbit plane to the
other. This would be obvious if the sun-line and orbit-normal were taken as
vectors rather than merely lines, in which case the angles would be from

0° to 180°. Later plots will show this effect.

Dozens of parameter combinations were tested, and certain generalizations
became obvious as the data was evaluated. The polar orbit always exhibits
a sun-shadow profile and sun-angle profile which places severe demands on
a ''no-moving-parts'" spacecraft, regardless of launch date or initial nodal
location. The sun-synchronous orbit, on the other hand, possesses clear-
cut advantages from the same viewpoint. In this case, however, launch date
and initial nodal location are both relatively significant parameters.

Telemetry-Tracking Coverage

Evaluation of the telemetry and tracking coverage using the STADAN network
was carried out using three computer programs (TECO, SICO, and PICO).
The primary inputs to these programs are orbit altitude and inclination,
minimum elevation, minimum visibility time (SICO) and (PICO) and a nodal
longitude step size. All programs assume circular orbits. TECO outputs
the visibility times for each station (maximum 15 stations) on each orbit
(ascending-node to ascending-node) for ascending node longitudes from zero
to 360° with a step size given by the input nodal longitude step. The
sequence of coverage which would occur in an actual flight cannot be easily
obtained from TECO output. SICO, on the other hand, generates the time
sequence which would occur on "typical orbiting days.' Each "day"
corresponds to a Particular initial ascending node, starting with zero longi-
tude. New ''days" are generated for increasing initial-node longitudes,
incremented by the input nodal longitude step, until the '"cycle' begins to
repeat. The total output then represents a fairly comprehensive sampling of
all possible "orbiting days'' which will occur in practice. PICO is used to
generate a time sequence similar to SICO, except that the sequence starts
at injection and runs continuously from that point. Such output is useful
only for a reasonably short time (days) after launch,

Study of near-polar orbits using the STADAN system does not show any
drastic variations in coverage with the various orbits, Figures 8 and 9
show TECO output for two 500%km orbits, one sun-synchronous and the other
at 70° inclination. The stations used are the STADAN sites equipped for
range/range—rate tracking (Alaska, Carnarvon, Rosman, Santiago, and
Tananarive). Note that the total coverage (per orbit) and maximum single-
station time (per orbit) are both plotted. The minimum elevation is 10°,
Coverage of these two orbits changes when the set of station changes, of
course, and use of the entire STADAN system tends to reduce the differences
in coverage. Since the differences between coverage on the orbits under
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Time, minutes

30

Orbit altitude: 500
Orbit inclination: 70°
Minimum elevation: 10°
Maximum single station - - - _
25 N Total all stations ——
20 \
15
10
v T .‘\.--\/- TN
f
5 Y ! /\ /
Y
0 50 100 150 200 250 300 350
East longitude of ascending node
Figure 9. STADAN System Coverage: Time Above Minimum

Elevation, 70° Orbit, 500 km
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serious consideration were not great, tracking/telemetry coverage was not a
significant orbit-choice tradeoff parameter. A slight advantage in coverage
is obtained by using a polar orbit rather than a sun-synchronous one, but this
is overweighed by sun-angle considerations. The tracking/telemetry
coverage analysis was carried out in detail in the position determination and
data acquisition studies and is covered in those sections.

ORBIT SELECTION

Based on the parametric data and subsequent evaluation, an initial baseline
orbit was selected. The parameters of this orbit are as follows:

e  Altitude 500 km
e Inclination 97, 38° (sun-synchronous)
. Launch South from WTR

(near 6 a. m. about 28 October)

This orbit is sometimes referred to as the "twilight' or ""dawn-dusk'' orbit.
Figures 10 and 11 show the orbital shadow fraction and sun-line/orbit-normal
angle for this orbit. The 3-sigma curves shown correspond to the 3-sigma
inclination error of 0.266° mentioned earlier. The nominal curves fall
between the curves shown. The desire to obtain diurnal variation data led to
definition of a first alternate orbit, the parameters being:

® Altitude 500 km
° Inclination 70 deg
° Launch Not important

(6 a. m., 28 October assumed)

Figures 12 and 13 compare the shadow fraction and sun-line/orbit-normal
angle for the nominal baseline orbit and the first alternate (70° inclination)
orbit. The angles plotted in Figure 13 range from 0°to 180°, using the
vector representation rather than the line representation. This accentuates
the great difference in illumination profiles between these two orbits and
consequent differences in the magnitude of power acquisition, thermal, and
experiment shielding problems. The main motivation for the 70° orbit is a
"fairly' rapid precession of the orbit plane with respect to the sun while
still giving polar coverage.

Further study of expected diurnal data variations led to a second alternate
orbit which, at present, stands as the selected nominal orbit. Its parameters
are:

° Altitude 500 km

e Inclination 97. 38° (sun-synchronous)

20
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° Launch South from WTR
(near 3 a, m.) 28 October nominal launch date

This orbit, called the '3 o'clock sun-synchronous" orbit, will sample the

horizon near the expected diurnal extremes. The characteristics of this orbit
will be discussed in the following section.

DETAIJLED ANALYSIS OF SELECTED ORBIT

The potential orbital profiles were subjected to considerable analysis and
comparison. The primary areas affected were 1) solar power acquisition,
2) thermal control, 3) experiment package, and 4) polar and diurnal data
coverage. After careful study, the '3 o'clock" sun-synchronous orbit was
c hosen as the best compromise. In fact, this orbit appears to be the best
from the standpoint of polar and diurnal data coverage. From the point of
view of the power subsystem, this orbit is satisfactory. Although a nodal
time nearer the 6 o'clock would be preferable,

Figures 14 through 16 illustrate the sun-earth-orbit geometry as a function of
time for the 3 o'clock orbit. The 28 October launch date is used, although
this is not a requisite; effects of other launch dates will be seen later. In
each case, curves for 3-sigma fast and 3-sigma slow precession are included
with the nominal curve. These 3-sigma curves are based on the 0, 266°
3-sigma inclination error, corresponding to use of two-stage Delta launch
vehicle. Launch window is assumed negligible in these curves. (A more
comprehensive error analysis, including updated injection dispersions and
launch window allowance, is given at the end of this section.)

Figure 14 shows the orbital shadow fraction variation. As the curves indicate,
almost a constant percentage of sun time is available with this profile,.

Figure 15 shows the variation in sun-line/orbit-normal angle, Allowing for
3-sigma variations, angles from 31° to 65° are possible, although the
nominal orbit varies only from 44° to 57°. These variations have great
impact on the power subsystem problems since the power output is roughly
proportional to the cosine of this angle.

Figure 16 shows the local solar time at the ascending node versus time from
launch. The nominal orbit holds within 30 min of 3 o'clock, while the 3-
sigma curves give variations of up to 50 min from 3 o'clock.

The detailed evaluation of STADAN system coverage of the selected orbit will
be given in the position determination and data acquisition sections. As
mentioned earlier, this data was produced by the computer programs TECO,
SICO, and PICO. These programs utilize a circular orbit model to produce
coverage profiles on either a '"statistical” (independent of exact orbit para-
meters) basis (TECO, SICO) or a true time sequence basis (PICO).
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Recent simulation of the 2-stage Improved Delta launch vehicle trajectory
by Douglas Missile and Space Systems Division has resulted in specific
injection error values, the pertinent ones being:

Inclination 0.04°, 1-sigma
Altitude 2 n. mi., 1-sigma
Velocity 12 fps, 1-sigma

Assuming the altitude and velocity effects on semi-major axis can be
statistically combined by root sum squaring, (this is probably conservative
since they are likely negatively correlated), the one-sigma inclination and
semi-major axis errors are then

Ai (1-sigma) 0.04°

Aa (1-sigma) 7.6 km

The resultant 3-sigma precession relative to the sun for the rss effect of
these errors is then about 7.15°/yr. The inclination error which would,
itself, cause this total amount of drift is about 0. 15°, This value has been
used as a single injection dispersion to compute sun-angle variations for the
mission,

In addition to the dispersions due to injection errors, launch time will affect
the sun-angle profiles., For current purposes, a 30-minute launch window is
assumed, centered on the nominal launch time. To give conservative results,
a 15-minute early launch will be combined with 3-sigma fast precession (high
inclination) error. This accentuates sun-angle dispersion relative to the
nominal case,

It should be pointed out that the sun-angle profiles and their associated error
"envelopes'' can be manipulated to some extent by adjusting launch parameters.
For instance, a delay in launch time (past approximately 3:00 a. m.) would
normally cause the sun-angle plots to be shifted downward. By slightly
decreasing the launch azimuth, however, the sun-angle curves would be
biased upward at the right end, tending to at least partially compensate for

the launch delay. For small increments in launch time and in launch azimuth,
it can be stated that:

(1) 1later launches cause a downward shift of the whole sun-angle curve
and an upward shift in the whole nodal-crossing-time curve;
vice versa for early launches

(2) increased launch azimuths cause a downward bias at the right
end of the sun-angle curve and an upward bias at the right end
of the nodal-crossing-time curve; vice versa for decreased
launch azimuths.
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Figures 17 through 22 show the resulting sun-angle profiles for six launch
dates, the nominal (28 October) in Figure 17,

The complement of the orbit-normal/sun-line angle is the minimum
radiometer-scan line/sun-line angle if the radiometer scans in the orbit plane.
Figure 23 shows the variation of the forward-scan/sun-line angle (at the time
of "scan-intercept-earth") with latitude of the scan point, for the "worst case"
28 October 15-minute early launch, 3-sigma slow precession orbit.

CONCLUSIONS

Based on the analyses conducted in the mission profile study, together with
the various system and experiment definition investigations, the following
conclusions have been reached:;

e A nominally circular, 500-km altitude, sun-synchronous
orbit (97. 38° inclination) with initial ascending node at

3:00 p. m, local time and launch date of 28 October
meets experiment and system requirements for the
HDS mission,

e The WTR should be used for the launch site and a
2-stage Improved Delta vehicle should be used to
achieve adequate injection accuracy.

e A 30-minute launch window, in conjunction with the
latest Douglas estimates of 2-stage Delta 3-sigma
injection errors results in possible sun-line/orbit
normal angles between 29° and 65° by the end of a
one-year mission. The orbital shadow fraction can
vary from 0.0221° to 0.364° and the nodal crossing
local time can vary from 2:00 p. m. to 4:04 p. m.

e The possibility remains to increase orbit altitude
somewhat should this become necessary to increase
orbit prediction accuracy or ensure minimal orbit
decay during the mission.

e The possibility remains to change or place specific
constraints on launch date, to reduce allowable
launch window, to bias launch window centering, to
compensate for launch delay with appropriate
precession-effecting guidance corrections, or to
change the nominal launch time, These actions may
be desirable or necessary during the development
program either a) because of experiment requirements

~or b) because of sun-angle considerations in the

system design.
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e Tracking and telemetry coverage obtainable with the
500 km, sun-synchronous orbit and the STADAN system
is adequate. Once-per-orbit coverage is available in
all but a very small range of the possible orbit nodal
conditions. Use of a polar orbit could eliminate the
few one-orbit "holes', but at great expense in terms
of yearly sun-angle variation and consequent system
design problems.

VEHICLE POSITION DETE RMINATION

INTRODUCTION AND OBJECTIVES

Purpose of the vehicle position determination study was to evaluate, on a
preliminary basis, the accuracy with which the geocentric position of the HDS
satellite can be determined. Although tracking and orbit determination for

scientific spacecraft are routine operations, the HDS mission imposes a
requirement in accuracy well beyond the normal level. This requirement
stems from the need to determine tangent height (distance from the radio-
meter line of sight to the earth's surface) accurately. Part of this
determination data comes from on-board celestial sensors (star, sun sensors),
but without corresponding data on spacecraft geocentric position, such data
would be worthless. The goal for the position determination study was to
determine compatibility with and/or additions to, the STADAN tracking net-
work for purposes of generating sufficient raw tracking data. Based on such
compatibility, a tracking plan, consistent with HDS mission requirements,
was devised. The error analyses, tracking coverage, and the tracking plan
are discussed in the following sections.

TRACKING AND POSITION DETERMINATION REQUIREMENTS

Early in the study, an error allocation was formed for the HDS mission,
based on a tangent height accuracy of 250m. The original allocation gave
88 m in tangent height to the vehicle position error. This was later revised
to 125 m in tangent height.

For position errors of this magnitude, it is possible to use differential error
coefficients to compute the tangent height error due to position errors. The
two first-order error coefficients of most interest are those giving sensiti-
vity of tangent height to altitude error and to horizontal position error in the
direction of radiometer scan:
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3h R +ht

L. E (2)
3h RE +h
h [h? - n2 + 2Ry (hony | 12
t o _ t E t
Bs R, +h (22)
S E
where:
ht = tangent height
h = spacecraft altitude
RE = earth radius
s = coordinate in horizontal direction along scan azimuth

For a zero tangent height and 500-km altitude, these coefficients become:

0.93

bht/ah

Bht/as 0. 38

L]

The error coefficients, together with the 125-m budget, form the basic orbit
determination requirement.

Since the position of the sPacecraft at most times during its flight will be
obtained by "interpolation" between tracking passes, any uncertainties
involved in the prediction process contribute to the ultimate vehicle position
error,

For the HDS vehicle it is likely that the principal sources of prediction error
would be station location error, geoid shape error, gravitational model error,
timing error, and atmospheric drag error. STADAN stations locatl.on errors
are expected to be reduced significantly in the near future. All stations are
being surveyed to determine their positions more accurately. Studies are also
underway to determine more accurately the shape of and the gravitational field
of the earth. Of these errors, only the atmospheric drag error can b_e altered
significantly., Atmospheric density variations caused by flucf:uatlons., in the.
solar activity cause drag uncertainities. However, by changing orbital altitude,
the effect of the drag uncertainity can be altered. For instance, the mean rate

2 .
of altitude decay at various altitudes (for M/CDA = kg/m®, estimated for the
HDS spacecraft) is:
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200 km 1500 m/day 400 km 32 m/day

250 km 470 m/day 450 km 16 m/day
300 km 170 m/day 500 km 8 m/day
350 km 69 m/day ,

In general, for a nominally circular orbit, the drag perturbations can be
expressed as (ref, 2):

A . 2 in 2N| (altitude) (3)
A = W/CDA [TTN-sm2Tr‘ altitude ‘
AS = N — [K Nz - K, (l-cos 2ﬂN)] (in-track) (3a)
f W/CDA 1 2 J
where:
2
Kl = 3771
K2 = 2n
K3 = "
B = earth's gravitational parameter
P = atmospheric density
W/CDA = ballistic parameter of spacecraft
N = number of revolutions of earth

The two perturbations represent the altitude (Ah) and forward in-track
(Asf) position deviations relative to a non-drag affected spacecraft starting

from matched position and velocity at N=0.

For values of N greater than a fraction of a revolution, the altitude pertur-
bation is always negative; the forward in-track perturbation is always positive.

Assuming a 125 m tangent height error allocation to orbit determination, an
allowance of 100 m will be made for tracking, timing, earth model, and

station location errors. The allowable tangent height error for drag model
uncertainties is then
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2 1/2

(ah)drag = (1252 - 100%) = 5m

assuming this error is uncorrelated with the others.

The tangent height perturbation due to altitude and in-track perturbations is:

3h, dh, As
Ah, = Ah + (4)

t dh s

where As=s,f for forward scans and As=-Asf for backward scans.

This equation has been evaluated for both forward and backward scans, using
the previous expressions for Ah and Asf, with nominal altitude (giving o,

aht/Bh, and Bht/as) as a parameter, and N as the variable. Figure 24
shows the result as a function of N for altitudes of 460, 500, and 540 km.
A value of M/CDA = 100 kg/m2 has been used, which is approximately the

expected value for the HDS spacecraft. The tangent height perturbation given
by figure 24 is inversely proportional to M/CDA and proportional to the

density p.

It should be emphasized that Figure 24 represents the entire perturbation on
tangent height due to drag. Since drag can be included in the computational
model, this perturbation is not, in itself, an error. However, any uncer-
tainty in the drag value propagates to tangent height in value equal to the per-
centage of uncertainty times the value given by the curve.

Drag parameter excursions as much as a factor of two or three have been
observed, although,over a period of weeks. For these analyses, a maximum
"effective" uncertainty of 25 percent in the drag parameter between tracking
passes was assumed. (By "effective' is meant, for example, that drag in-
creases 25 percent just after a tracking pass, then decreases to 25 percent
below the original value halfway to the next tracking pass, so that no detec-
tion of the fluctuation is made at the second pass.) Since the maximum posi-
tion error is reached at the mid-point between tracking passes, the maximum
allowable interval between tracking passes is twice the time taken to reach

maximum tangent height error (75 m) using Figure 24 and a 25 percent
multiplier.

The results for forward scans, in terms of maximum allowable intervals,
are

h = 460 km : 10.4 orbits or 975 min
h = 500 km : 11.0 orbits or 1040 min
h = 540 km : 16.6 orbits or 1584 min
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and for backward scans

h = 460 km : 9.2 orbits or 862 min
h = 500 km : 11.8 orbits or 1118 min
h = 540 km : 15.4 orbits or 1470 min

Thus, if allowance for altitudes down to 460 km, is made, and the 25 percent
effective uncertainty allocation is adequate, a maximum time interval of 862
minutes between tracking passes will keep the drag parameter uncertainty
effect on tangent height error to under 75 m.

STADAN TRACKING SYSTEMS

The STADAN tracking network facilities are discussed in Appendix B. Three
basic tracking methods are possible: Minitrack, vhf Range/Range-Rate, and
S-band Range/Range-Rate. The R&RR system determines spacecraft range by
me asuring the travel time of an electromagnetic wave. Knowledge of the
propagation velocity therefore gives the distance. The vhf Range/Range-Rate
system gives better accuracy than the Minitrack system for very long ranges
(highly elliptical orbits). However, due to significant propagation anomalies
of vhf frequencies, its accuracy is inadequate for the HDS mission, where

a low, circular orbit is used. Therefore, only the Minitrack and S-band
Range/Range-Rate system were left as candidates.

Discussions with personnel at NASA -Goddard indicate the following levels of
accuracy are attainable:

° Minitrack (fine beam, above 300 meters in-track
45° elevation)

° S-band Range/Range Rate 100 meters in-track

The altitude error was estimated to be one fifth or less of the in-track error
by personnel at GSFC

The R'ange/Range-Rate system accuracy given is current; improvement to
40 m in the next few years is estimated by GSFC.

The actual accuracy achievable with the S-band system for

near-polar orbits is uncertain at this time due to lack of appropriate exper-
ience. However, extremely low orbit determination residuals have been
obtained using S-band range/range-rate tracking data from a 24-hour equa-
torial-orbit spacecraft (ATS-1). Extrapolating these accuracies to the HDS
mission gives good indication that, with suitable coverage, orbit determina-
tion errors (exclusive of drag parameter uncertainty) can be held to a value
giving tangent height errors below 100 m.
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TRACKING COVERAGE

Simulations of the tracking coverage available from the STADAN system,
using either the Minitrack network or the S-band Range/Range-~Rate network,
were carried out using the TECO, SICO, and PICO programs. These are
described in the mission profile section and, in more detail, in Appendix A.
For current purposes, SICO output is the most useful. The basis of this
program rests on the nature of orbit nodal distributions in a statistical sense.

When a spacecraft is injected into a circular orbit of given nominal altitude
from a given launch site, the ground trace of the orbit can be predicted quite
accurately prior to launch for the first few orbits, Fach ascending node will
be a certain distance west of the previous ascending node, corresponding to
the orbit altitude and, to a small degree, to the inclination. This distance
can be written as

n. = Puw
where P = nodal period of satellite orbit
W, T wp- Q
Wp = earth rotation rate
Q = eastward precession or orbit node due to earth oblateness

A typical value for n,. might be 23° for a near 500km orbit. Although this

pred?ction will be quite good for the first few orbits, note that for any error
in this nodel "shift" distance, An , after N orbits, the error in prediction

of the nodal location is N - n.. By differentiation of the equation for o,

sensitivity coefficients can be generated

dnr dpP dwc
?i; : Ewc + da P
dnr dnr da

9t T da dt

where a = orbit semi-major axis. These two coefficients will give the
sensitivity of n. to errors in altitude and the rate of change of n, with a
decaying altitude. Neglecting the dwC/da term which is very small, these

equations can be evaluated for a nominally circular, 500-km orbit

L = 0.0052°/km

(da) de ' .
T 0.0052 m mt—t% (for "a" in km)
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Thus, for an error of 10 km in orbit semi-major axis, the cumulative error
in nodal location after 100 orbits (about one week) is (0.052) (100) = 5. 2°,

It thus becomes clear that, after a reasonably short time, the ground trace
of the orbit becomes unpredictable in pre-flight analysis. On the other hand,
it should be evident that traces on successive days will most likely differ.
During the course of a one-year mission, any nodal longitude can be expected
to be about equally likely, and that the actual distribution of nodal longitudes
during a year should approach a uniform distribution. Yet, it is advantageous
to know what kind of "coverage days" will occur during the mission. This
can be evaluated; the SICO (SImulated COverage) program model utilizes the
uniform distribution of nodal longitudes to produce what is, in essence, a
Monte Carlo analysis of coverage.

The basis of the SICO model is as follows. Suppose a nominal orbit is
started at an ascending node of 0° longitude and run through a complete day
of simulated tracking coverage. The second node would occur at, for
example, 23° W, the third at 46° W, etc. Start again, but at 1° longitude.
This time, the second node is at 22° W, the third at 45° W, etc. Starting
again at 2° longitude, and continuing this procedure until the starting node
is at 23°, the second node is at 0°, the third at 23° W, which is essentially
identical to the first simulated day. This procedure thus generates all of
the possible "coverage days'' to a resolution of 1° in nodel longitude. The
output consists of 23 tables, each corresponding to the sequence of station
contacts in a "typical" day.

The PICO model differs from SICO in that it is based on a continuous se-
quence, starting at injection. As the previous analysis demonstrates, PICO
data is valid for only a period of several days after launch (using 2-stage
Delta injection accuracies as a guide).

The early orbit tracking coverage PICO output with the S-band Range/Range-
Rate system is given in Appendix C. A 10° minimum elevation at each station
is assumed.

The long-term coverage profiles generated by SICO for the S-band Range/
Range-Rate system are given in Appendix D. Minimum elevation is 10°;
only in-sight times in excess of 1 minute are printed. Although some dif-
ferences in ''typical” days occur, the maximum interval between available
passes is always less than the 862 minutes mentioned in Appendix D.

Approximate coverage profiles for the Minitrack system canbe obtained
from Appendices E and F. These tables were generated for purposes of
telemetry, not tracking, coverage. However, Minitrack fine-beam coverage
(elevations above 45°) can be ascertained by striking out all passes of less
than about 8.2 minutes.

TRACKING PLAN

Based on the estimated capabilities of STADAN S-band range/range-rate
tracking, and estimated drag uncertainties in orbit prediction as discussed

in the previous section, a basic tracking plan has been devised. The elements
of this plan are as follows:
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The S-band Range/Range-Rate system should be used as the
primary tracking system.

Alaska and Rosman should be used as the prime tracking
stations, giving coverage every 500 minutes or less.

This plan should result in a total tangent height error due to
orbit determination of under 125 m, particularly with proper
correction for propegation anomalies and improvement of
station location values during the next few years.

The Carnarvon, Santiago, and Tananarive stations can be used
for early orbit tracking, selected tracking at different orbit
locations, and as backups to Alaska and Rosman,

If the error budget remains essentially the same, definite pro-

vision for use of the back-up stations is necessary to allow for
priorities and/or operation problems,

CONCLUSIONS

The following conclusions regarding the vehicle position determination
problem have been determined as a result of the analyses:
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The S-band Range/Range-Rate system should be used to provide
raw tracking data.

Propagation errors and basic tracking measurement errors make
the Minitrack system and vhf Range/Range-Rate tracking system
inadequate to meet the HDS position accuracy requirements.

Based on extrapolations from past experience, the S-band system
should be capable of providing sufficient data to give orbit arcs
with 3-sigma equivalent tangent height errors under 100 m,
exclusive of drag uncertainty.

The principal problem in accurate position determination is
atmospheric drag uncertainity. Adequate smoothing intervals
may possibly be too long to account for the position error due
to this uncertainity for altitudes near 500 km.

Provision exists to raise orbit altitude to decrease drag uncer-
tainty error should this be necessary to expand the tracking pass
intervals, or to allow for greater drag uncertainty or model errors.
In making such a change, the increased error in tangent height

due to increased sensitivity to angular errors must be considered.
In general, an "optimum-accuracy' altitude should exist for a

given configuration.




DATA ACQUISITION

INTRODUCTION AND OBJECTIVE

The data acquisition study was concerned with assuring command and telem-
etry compatability between the satellite and STADAN, The basic areas of
investigation included maintaining cognizance of telemetry and command re-
quirements, determining STADAN and GSFC Data Processing Center capa-
bilities, investigating satellite~STADAN interface considerations, and estab-
lishing preliminary data acquisition plans, The objective of the study was to
define, from system requirements and feasible subsystem concepts, the data
acquisition concept utilizing STADAN with a minimum of modification, The
details of the areas of investigation outlined above are presented in the fol-
lowing paragraphs.

DATA ACQUISITION REQUIREMENTS

The functions of data acquisition of concern are those of command and telem-
etry. The basic requirement is to utilize STADAN with a minimum amount
of modification being required. The general telemetry and command re-
quirements are outlined below,

Telemetry Requirements

The horizon definition study satellite will generate three major types of data
which will be transmitted to ground stations. These are radiometric data,
attitude sensing data, and status data. The satellite will have an orbit
altitude of 500 km, an orbit inclination angle of 97, 38° and a data storage
capability of approximately one orbit., The basic telemetry requirement is to
transmit the accumulated data at least once per orbit for the lifetime of the
satellite which is a minimum of one year. For an estimated storage cap-
ability (ref. 3) of 500 kilobits to 1 megabit and assuming a nominal 2 minute
contact time, the transmission rate will be in the range of 5 to 10 kilobits/
sec. The anticipated data rate for this program is approximately 5 kilobits/
sec,

Command Requirements
It will be necessary to activate certain functions within the orbiting space-
craft at various phases of the orbit and of the satellite lifetime. The com-

mands envisioned at present are only of the ON-OFF type., The number of
different commands is estimated to be as follows:
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Subsystem Number of Commands

Attitude Control 17
Structures 3
Communications & Tracking 5
Radiometer Control 4
Starmapper - Sun Sensor 3
Power 18
Data Handling 8
Total 58

During the early orbits (post-injection) there will be the requirement to re-
ceive data, process, and issue commands within a short period of time (one
orbit period, for example). In this case it will be necessary to quite fre~
quently use those ground stations which have a microwave link with GSFC.
After the satellite has been stabilized in orbit, this requirement will drop off
to a frequency interval of several days,

STADAN DATA ACQUISITION CAPABILITIES

STADAN consists of three major functional systems, The first of these is
the Minitrack system which is basically a tracking system but has the facil-
ities for receiving and recording telemetry data, The second functional
system is the Data Acquisition Facilities (DAF) which is equipped with multi~
frequency, high-gain antennas and has the capability of handling large quan-
tities of data at high data rates. The third system is the Goddard Range and
Range-Rate (R&RR) tracking system which has the potential capability of both
vhf and S-band telemetry. A summary of the telemetry and command capa=-
bility of these three systems is presented in the next few paragraphs while
certain specific details are referenced to Appendix G, Table 1 presents a
list of the STADAN stations and identifies the capability of the station with re-
spect to these three major STADAN functions. The geodetic locations of
these stations are listed in Table Gl of Appendix G, The essential functional
elements of a data acquisition station are shown in Figure 25.

Telemetry Capabilities

The available telemetry frequencies associated with each of the stations is
shown in Table 2. The data channel bandwidths of the 136 MHz and 400 MHz
carrier are 30 kHz and 50 kHz, respectively, Wider bandwidths recom-
mended are 90 and 300 kHz for the two respective carrier frequencies. The
channel bandwidth of the 1700 MHz carrier is approximately 1.5 MHz,
Another possibility for a telemetry channel is the R&RR system, with the
satellite transponder functioning as a command receiver, tracking source,
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TABLE 1.

- STADAN STATIONS

Stations

Minitrack

R&RR

DAF

Alaska
Orroral
Carnarvon
College
Fort Myers
Gilmore
Johannesburg
Lima

Quito
Rosman

St. Johns
Santiago
Tananarive

Winkfield
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TABLE 2. - STADAN TELEMETRY FREQUENCIES

Stations

136 MHz

400 MHz

1700 MHz

2253 MHz
(R&RR)

Alaska
Orroral
Carnarvon
College
Fort Myers
Gilmore
Johannesburg
Lima

Quito
Rosman

St. Johns
Santiago
Tananarive

Winkfield

el

Moo MW M M X X W X

X

X

X
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and telemetry transmitter, The two carrier frequencieS_associated.w1th the
R & RR system are 136 MHz and 2253 MHz, The respective ch{innel band-
width capabilities are on the order of 20 kHz and 1 MHZ. Details of S'TADAN
station characteristics pertinent to satellite systems interface analysis are
presented in Appendix G, Tables G2 through G6. Furt.her details are found
in references 4 and 5 from which most of this information was obtained.

Command Capabilities

The STADAN system has three basic command systems, These include the
tone command, tone-digital command and PCM instruction command systems,
A description of command capabilities for each system follows:

:F one command system, -- This system is intended for use where only a

few "on-off’ commands are required, Sequential transmission is employed
with the address tone sent first to "arm'' the decoder. The execute tones
follow to accomplish the particular command function and may consist of up
to three tones in a sequence. There are seven tones allotted for executing
commands,

A tone command system is not a secure system and is thus prone to spurious
commands from other radiating systems, This is probably the biggest source
of error, assuming the system is not operating under marginal S/N ratios.

It is quite difficult to put a quantitative number on expected errors in this case,
and if this system were to be used, design considerations should be given to
this problem,

Tone-digital command system. -- This system was developed for simple
real time on-off commanding and is capable of transmitting up to 70 com-
mands, This is essentially a PDM command system.

A command in this system consists of a series of five words, each consisting
of eight bits, one sync bit and one blank period. The series consists of a
unique address word sent twice and an execute word sent three times. The
address word identifies the spacecraft and enables the command hardware,
The execute word contains the specific command function to be performed.
Receipt of one correct address word and one valid execute word is sufficient
to effect the command. Repeating of the words increases the probability of
reception under adverse conditions.

Each word is generated from a fixed number of zeros and ones for error de-
tection and interference rejection. The address word consists of some com-
bination of six ones and two zeros and is assigned by GSFC to the spacecraft.
The execute word consists of combinations of four ones and four zeros, A
total of 70 execute words can be generated from these combinations, With
this coding, all odd errors and 43 percent of all two-bit errors can be de-
tected. To further decrease the possibility of spurious commands, the exe-
cute word must be received within a fixed time period after the address com-
mand,
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Proper design of equipment for use with this system will allow a pulse error
rate of less than one per 5000 bits for a subcarrier S/N ratio of 0 dB,

PCM instruction command system, -- This is a high capacity binary sys-
tem with word lengths of 64 bits, The maximum number of data bits in a
word is 46, The remainder are synchronization bits. Various command

functions such as event timing, error checking, subsystem control, etc.,can
be performed,

A properly designed spacecraft command receiver will have a probability of
bit error versus S/N capability of within 4 dB of the theoretical curve for an
FSK, matched filter, incoherent detector. For a bit energy-to-noise ratio of
10, the corresponding probability of bit error is 0,002, Spacecraft data veri-
fication methods should also be used. Several methods are word repetition,
word feedback, code check, and signal acquisition and acknowledgement,

There are three types of command am transmitters that can be used with the
station command consoles, They are identified by the output power levels

which are 5 kW, 2,5 kW, and 200 W, The characteristics of these transmit-
ters and available command antenna systems are presented in Tables G7 and

G8, respectively, in Appendix G. Reference 5 provides further details on these
command systems.

DESCRIPTION OF GSFC DATA PROCESSING CENTER

Data Processing Functions

A functional block diagram of the GSFC Data Processing Center is shown in
Figure 26. The data is received on tape as recorded directly out of the
station receivers with ground time recorded in parallel, The first require-
ment is to catalog, screen, and order the data according to the manner in
which it was taken., The next step in the process is the conversion of the data
to a computer format. Ground time is inserted at this time as required by
the measurement program. The remaining operations produce the experi-
mental data in a suitable form for further data reduction and analysis by the
experimenter. Compliance with the PCM telemetry st'andards, Appendix E,
assures compatibility between spacecraft, ground statlon,. and the Data )
Processing Center. Further details of telemetry processing can be obtained
from reference 6. A summary of the pulse code modulation (PCM) systems
described in that document is presented in the following paragraphs.

Processing Capabilities
The data processing PCM systems are designed to process any pulse code

modulated telemetry data that uses split phase or non-return-to-zero coding.
Spacecraft data that is recorded in serial binary code at the ground receiving
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stations are the inputs to a typical pulse code modulation processing line,
Programming is accomplished by means of patch panels to accommodate any
known format of a particular satellite, The programming includes selection
of word length, frame length, permissible frame sync bit errors, subcom
frame length, number of frames to acquire frame sync, number of frames to
flywheel, number of bad frames after which to revert to search mode, and
setting up the frame and subcom frame sync recognizers for particular frame
sync codes. In addition, patching is used to program the generation of buffer
command signals in accordance with the desired buffer tape format and buffer
requirements to produce buffer tapes.

The spacecraft data which is to be reduced is a pulse code modulated serial
train of binary bits representing digital and analog measurements. The
serial train of pulses (bits) is divided into equal groups of N bits, each called
words, The presence or absence of each of the N bits describes the level of
the sample of the analog quantity to the nearest discrete step between zero
and full scale, Each analog measurement made aboard a satellite is digitized
with the same sampling rate and number of bits representing full scale,

The split-phase or bi-phase code, where a 1 bit is identified by a downward
transition and a zero bit is identified by an upward transition, hence bi-phase,
is the code used predominantly in GSFC's spacecraft, Other codes in which
the digitized quantity may be encoded for transmission include: 1) NRZ-
change which maintains one level for 1 bits and a different level for zero bits;
2) NRZ-M where there is a transition (positive or negative) for every 1 bit
and no transition for 0 bits; and 3) return-to-zero level code in which

there is a pulse for every 1 bit and no pulse for 0 bits,

The pulse code modulated signal as received from the spacecraft, recorded
by the ground station and reproduced by the pulse code modulated line tape
recorders, can be noisy, distorted, and degraded. To reconstruct its wave-
form the signal is transmitted to the bit synchronizer unit where it is filtered,
bit synchronized, and reconditioned for use by the search and lock unit, The
bit synchronizer is capable of handling any of the codes discussed in the pre-
vious paragraph.

The main purpose of the pulse code modulated data reduction system is to re-
duce the data received from the satellite into a format acceptable by an IBM,
Univac 1107, or equivaleni computer for complete decummutation and genera-
tion of experimenter's tapes., The above goal is accomplished by use of the
data processor to: 1) present to the buffer the serial train of telemetry data
in terms of digital words of proper length and location in the main frame;

2) supply the required commands to the buffer to sample the presented data in
proper order, as well as sample time presented by the time decoder; 3) gen-~
erate special buffer commands to properly begin and terminate data blocks;

4) check the frame sync code and bit errors, and flag the status thereof; and
5) generate special flags such as subcom word(s) location, signal mode, etc.,
to minimize the effort required in decommutating and further processing of
experimenter's data.
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SATELLITE - STADAN INTERFACE CONSIDERATIONS

The major interface considerations evolved from the desire to assure satel-
lite - STADAN compatibility. As a result, the primary concern centered
around carrier frequency and bandwidth compatibility of spacecraft and

ground station, and the telemetry coverage capability (the latter being related
to on-board storage capability, data transmission rates, and station location),
The frequencies and bandwidths were considered in previous paragraphs, as
were the telemetry requirements, Since any of the carrier frequencies have
sufficient bandwidth capability for the HDS system, the criteria for selection
of carrier frequencies becomes that of adequate telemetry coverage. This
analysis and command system considerations are discussed in the following

paragraphs:

Telemetry Coverage

The coverage analysis utilized the SICO computer program discussed in the
section on position determination. The major changes in input parameters
for utilization in telemetry coverage consisted of setting the minimum eleva-
tion angle to 5° and increasing the minimum "time in sight" to be recorded to
three minutes. That is, any contact time under three minutes is not counted
as a contact. Contacts under three minutes could be useful for a limited
amount of status monitoring but would probably not suffice for transmitting
two minutes of experiment data and the associated commands.

Telemetry coverage capability of stations with 136 MHz, 400 MHz, and 2200
MHz (R & RR) carrier frequencies was determined. Table 3 lists the input
parameters and the output data for the vhf station for a typical day of opera-
tion, The complete tables listing all typical days anticipated over the year
for the vhf and S-band stations are presented in Appendix H. It has been
assumed that R& RR stations will have telemetry capability by 1970,

Analysis of the telemetry coverage capabilities of the R g RR stations indicates
that there are periods up to approximately 3,3 orbits where no telemetry con-
tacts are made, Assuming that the on-board storage capability can handle
only the data accumulated over one orbit period, then a considerable amount

of data is lost due to storage overflow. The loss of 2,3 orbits of data can be
expected frequently.

The 400 MHz stations and the vhf stations were analyzed for telemetry
coverage in a similar manner. The 400 MHz telemetry coverage has more
holes which occur more frequently than either the R & RR or vhf stations.

On this basis, a carrier frequency of 400 MHz does not appear to be very use-
ful for this experiment, Utilization of a vhf telemetry link will provide bet-
ter coverage than the other two. In this case there are up to 1. 75 orbits
during which no telemetry contacts are made for the typical day considered,
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TABLE 3. - VHF TELEMETRY COVERAGE

VHF TELEMETRY CCVEPAGE PROFILES

MCRTH LAT, EAST LOMGos MIN ELEV,

CFG PEG DEG
STATICN 1 COLLECGE 64,90 212,10 5.00
STATICN 2 FTY. MYERS 26.50 278,10 5,00
STATICN 3 JUNDKANMESBUREG 25,90 27,70 5,00
STATICN 4 LTMA =11.80 282.80 5.00
STATICN 5 CRRCRAL : ~35,60 148,90 5.00
STATICN 6 ¢gUITC ~a60 281,40 5.00
STATICN 7 ROSMAN 35,20 277,10 5,00
STATICN R ST, JOKNS 47.70 307.30 5.00
STATICN 9 SANTIAGC =33,20 289.30 5,00
STATICN 10 WINKFIELE 51.50 159,30 5.00

CREBIT ALT= 500,00 Ky,

CRBIT INCL=z 97,.3R D¢,

NCCAL LCNGITUPRF STEP SI17E= 1,00 DEG,

CRBIT PERICD= Ghe62 NMINUTES

EARTH RACILS= 33,3 FERCFNT CVER ACTUAL (REFRACTIQON CORRECT]ION)
MINIMUM TINFz 3,0C MIN

WESTWARD SHIFT CF ASCe NOPE= 23.65 DEG./ORBIT

STATICN MAx, BRC RANGF VISIRLFE (NEG) MAXs DIST KM,
1 19.73 2331,1
2 19.73 2331,1
3 19,73 2331 ,1
4 19473 2331,1
5 19.73 2331,
& 19,73 2331,1
7 19.73 2331,.1
8 15,73 2331,1
S 19.73 2331,1

1C 19,73 2331,1
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TABLE 3.

- VHF TELEMETRY COVERAGE - Concluded

EAST LCNGITUCF +ASC. NCCF

TIVE,
MINe

8467
24455
53475

104.19
118.56
14662
16674
211,76
27C,.18
276,65
27616
286413
288,436
303,C7
36€,4,C3
372,C6
382416
384,435
363460
485462
525468
576,83
61721
676439
651459
785453
837.18
881,431
882.29
Gl& 62
633,14
675480
98196
983,54
985,51
992,51
GG7461
1071477
1¢73,.78
107¢415
1C844326
1088,27
1255.95%
1313.C4
1334,53
1345475
1406416
1427.78
1443,50
1474422
1525493
1524458
1537499
1565466

STATICN

WINKFIFLE
CCLLFGF
CRRCPRAL
STe JCHNS
CCLLFGF
CRRCRAL
STe JOHNS
CCLLFCE
SANTTIAGC
LiMa
oLITe

FTe MYERS
RCEMAN
CCLLFGE
SANTTAGC
LIVA

FYe MYyFRS
RCEMAN
CCLLEGF
CCLLFCGF
JCHANNFESBURC
CCLLFGE
JCHAMNFSRURC
CCLLFGF
WINKFIFLD
WINKFIFLD
CRRCRAL
WINKFIFLD
STe JOKNS
SANTTAGC
CRRCRAL
STe JCENS
RCSMAN
FTe MYFRS
GLITP
LiMa
SANTTAGC
STe JOKNS
RC SMAN
FT. MYFRS
aLtrTn
LIMA
CCLLFCGE
JCHANNF SRURCG
WIMNKFIFLE
CCLLFCF
JCHANNFSBURC
WINKFIELD
CCLLFCGF
CRRCPAL
WINKFIFLD
STe JCHNS
CCLLFGF
CRRCRAL

(TIME=D) = .00 DEG
MINUTES MINUTES SINCE
IN SIGHT LAST CONTACT

9464

9,35 6e24

9430 19.85

Re62 41,14

6488 S.76

9,05 21,48

10617 404,76

4472 4,85

9,96 53,70

9,47 .00

9460 .00

10408 .00
10422 .00

5485 4,49

7.53 57,11

7.Ca .00

6405 3,06

6e39 «00

R,52 3,17

10,21 83,51

7417 29.55

9,91 46,98

9.88 27.48

be23 49,30

Q,01 8,97

10,10 84,93
10.C8 41,55

54C1 34,05

7450 .00

6,91 16,43

7.29 19,61

1042 35.27

4430 .00

544 .00

9,04 «93

FeR8 .00

10e16 .00
5.14 64,00
10435 +00
10,15 .00

768 .00

5663 .00

Re24 ’.62-06

9.94 48,84

9,08 11,95

10431 5«75

6e73 49,10

10,14 11.88

9,74 5.98

7497 20.58

3.08 43475

7.728 .00

7.49 6.13

9,96 20,48

LAST ASCeNODE
FeLONGe sDEG.

»

=23465

-47431

=70496

Qb eb2

-118,27
=-141,93
-16%,58
~-189,23

~212489

-236454

=-260,20

-307,50

-331,16

-354,81

~37R.47



To obtain average telemetry contacts over long periods of time, charts were
prepared which indicate the frequency of occurrence of specific ''time since
last contact' values. Figure 27 illustrates the "time since last contact" for
vhf telemetry coverage with 10 stations and the average frequency of occur-
rence of these times., For example, over a 100-day interval, it can be ex-
pected that the occurrence of a 160 to 170 minute time-since-last-contact
will happen roughly 25 times. It should be pointed out that in no case will
there ever be completely empty space cells due to lost data, The maximum
loss will be 50 percent since coverage will be obtained when the satellite pass
comes from the other direction, Assuming a 94-minute orbit and assuming a
storage capability for one orbit, then the dashed vertical line represents the
point beyond which data is lost when the time-since-last-contact exceeds this
point, Figure 28 illustrates the telemetry coverage for S band (R&RR) in the
same way as Figure 27 does for vhi telemetry coverage. Note that the
R&RR system has two quite large values for time-since-last-contact, bothof
which correspond to several orbits of lost data. For a 100-day period of
time, the 225 minutes since last contact will occur roughly 70 times. This is
quite frequent and of large magnitude in comparison to the Minitrack cover=-
age, This fact makes vhf telemetry preferable to S-band telemetry. Figure
29 illustrates the same type of information for the stations with 400 MHz
capability, This figure illustrates the relatively large number of telemetry
holes and the frequency of occurrence which is also relatively large,

It can be concluded that a 136 MHz carrier frequency will provide the best
telemetry coverage and should therefore be considered as the primary link.
Since the R&RR system will be used for tracking, minor modifications can
provide the capability of using the R&RR S-band carrier as a backup link with
degraded telemetry coverage. This mode of operation is recommended for
the HDS satellite, based on the foregoing telemetry coverage analysis,
assuming a one-orbit storage capability,

The location and shape of the vhf telemetry hole is illustrated in Figure 30,
The shaded section represents the area in which data is lost due to storage
overflow, The polar map presented covers the Northern Hemisphere. The
shaded wedge extends from 10°N latitude down through the Southern Hemi-
sphere and back up to the north polar region where contact is finally made
with the College station. The effect of the missed data is to slightly lower
the confidence interval of estimated parameters of the final data analysis.,

Command System Consideration

The quantity and type of commands required suggest that the tone-digital
command system has sufficient capability for the program being considered.
The PCM digital system has a much larger capability but also requires cor-
respondingly more complex equipment on the spacecraft. There is no fgrther
tradeoff required in this area since the only command frequency is nominally
148 MHz and the types of transmitter and antenna is established by what is
available at a particular station.
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180°E

Figure 30.

Illustration of VHF Telemetry Hole
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DATA ACQUISITION PLANS

The process of data acquisition is explained in the following paragraphs in
terms of data flow in the experiment, the early orbit plan and the data acqui-
sition process for a typical day of operation.

Data Flow

The manner in which the data is acquired, centrally accumulated, and even-
tually processed is conveniently described in terms of d ata flow diagrams,
Figure 31 outlines in block diagram form the satellite equipments which
sense, condition, handle, store, and transmit the data to be received by the
ground station, Also included are the equipments required for the command
and tracking functions., The primary telemetry link under consideration is
the vhf carrier modulated such that it is compatible with Minitrack stations.
Selection of vhf was based on telemetry coverage and data rate considera-
tions. A back-up link was selected using the S-band R&RR system. As canbe
seen from Figure 31, the operations necessary to provide sensed data to the
experimenter are;

e Obtain tracking predictions so that the satellite can be
located

e Command the satellite to transmit data

e Transmit the data to ground station

e Receive and record the data at the ground station
e Deliver the data to GSFC

e Process the data so that it is in a useful form for the
experimenter.

The basic equipment at the ground receiving stations is illustrated in Figure
32, along with the general flow of data. Although the R&RR system is shown
as being physically associated with the vhf Minitrack station, this is not the
case. The R&RR systems are separate independent stations. It was in-
cluded here only for convenience of illustration since it is used for tracking
and as a backup telemetry system., The operations at the ground station con-
sist primarily of acquiring the satellite (aided by tracking predictions), com-
manding the satellite to transmit data, receiving and recording the data, and
displaying selected status data. The received telemetry can be mailed or
transmitted to GSFC, depending on the station location. College and Rosman
stations have microwave links connected with GSFC. A similar situation
exists with regard to commands. The standard commands are initiated at
the station; however, special commands can be transmitted by microwave
link where possible or by TWX,
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The Data Processing Center is the hub of the STADAN system. All the data
received at the outlying stations is accumulated, ordered, and initially pro-
cessed by this center for presentation to the experimenter in a suitable for-
mat, Figure 33 illustrates the flow of data within the GSFC data processing
center, As indicated here, there would be an experimenter's control center
for the purpose of monitoring the experiment and to make operational deci-
sions. A certain portion of all data received, whether by mail or microwave
link, would be monitored to ensure that certain data outputs were satisfactory,
The output of the center will consist of an experiment data tape, orbital data
tape, and possibly an attitude data tape, The subject of attitude determination
will be discussed in a subsequent section, The data reduction function will be

the responsibility of the experimenter and may not involve GSFC computing
facilities.

Early Orbit Data Acquisition Plan

Data acquisition during early orbits will consist primarily of obtaining star-
mapper and spacecraft status data for purposes of establishing the proper
satellite conditions prior to collection of experimental data, Associated com-
mand functions will also be performed. Since a large amount of starmapper
data reduction is required during the early orbits, the majority of satellite
contacts will be made at the Rosman and College stations which have direct
microwave links with GSFC, Telemetry coverage for the first 17 orbits is
shown in Table 4. The table presents time of contact, minutes in sight, min-
utes since last contact, last ascending node before contact, and the number of
revolutions since launch time. Appendix F contains tables for the first 10 000
minutes of orbital lifetime.

The PICO computer program described in the section on position determina-
tion was utilized here., As can be seen in the table, there are occasions when
contacts are not made for several orbits when only the Rosman and College
stations are used., This should not pose a problem in the early stages of the
experiment, The use of only the College and Rosman stations will ease the
problem of initiating commands and making decisions at the receiving stations
where the station personnel are not usually involved in decision making func-
tions., After the satellite is ready for gathering scientific data, the remainder
of the networks may be used to ensure that large amounts of scientific data
are not lost due to lack of sufficient telemetry coverage.

Figure 34 illustrates the telemetry contacts at the College, Rosman, Winkfield,
and St. John's stations for the first 1600 minutes of orbit lifetime, Note that
the majority of telemetry contacts can be made at College, assuming there
are no priority problems. It is assumed that all commands and data neces-
sary to establish the required operational status of the satellite can be handled
with the College station, Certainly status data can be obtained from any of

the other nine stations and this mode of operation is recommended when pos-
sible,
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TABLE 4. - POST-INJECTION VHF TELEMETRY COVERAGE SEQUENCE

PCST=INJFCTICN vHF TFLEMETRY COVFRAGFE SEQUFNCE

STATICN 1
STATICN 2
STATICN 3
STATICN 4
STATICN 5
STATICN 6
STATICN 7
STATICN 8
STATICN 9
STATICN 10

CRBIT ALT=
CRBIT INCL=

COLLECE

FT. MYERS
JCHANNESBLRE
LIMA

CRRORAL
cuITC

RCSMAN

ST JORNS
SANTIAGC
WINKFIELL

50Me0 Ky,
97,38 LECG,

NCRTH LAT.
DEG

64,90
26450
-25.90
-11.,80
=35,60
-« 60
35.20
47,70
~33.20
51450

LALNCE«TC=INJFCTICN ANGLE= 20,00 "EG.

CRRIT PERICR=
EARTH RACILS=

MININUM TINE= .00 MIN

WESTWARC SKIFT CF ASCe NORE=

S4.62 MINUTES
33,0 PERCENT CVFr ACTUAL

23,65 CEG4/ORBIT

LAUNCE LCNCGITURFE= =120463 CEG, FAST

LAUNCKH LATITURF=

34474 DEG, NORTH

LALNCR VELCCITY KAS SCLTHFRLY COMPONENT
LALNCH TC INJFCTICN TTIMFz 1C.00 MIN,

TCTAL TIME=

STATICN VAXa

OO\ LW -

—

1000Ce0C MTN,

19,71
16471
19.71
19,71
1971
19.71
19,71
19.71
19,71
19,71

ARC RANGF VISIRLE(PEG)

MAX,

EAST LOMGs
PEG

212410
278,10

27,70
782,80
14R,90
281,40
277,10
307,30
289.30
359,30

CIST KM,

2329,1
2329,1
2329,1
2329,1
2329,1
2329,1
2329,1
2329,1
2329,.1
2329,1

MIN ELEV,
DEG

5,00
5400
5,00
5.00
5,00
5,00
5,00
5,00
5,00
5,00

(REFRACTION CORRECTION)
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TABLIS 4. - POST-INJIECTION VHF TELEMETRY COVERAGE

SISQULENCIE - Concluded

PCST INJECTICN CCVFRAGE SFCLENCF (INJFCTICN TIMF= 10,00 MINe AFTER LAUNCH)

TINE
MINe

4t 2

€5419

81.65
136460
16C4C3
17€.C1
2554C4
27C.17
26842
348eR4
3644C5
363,76
424,72
441,76
442470
442,79
456472
515.88
521460
531448
533.79
547463
6146426
638,71
731425
165462
825485
863460
923,50
G3€497
99Ce52
1031.39
1082,.65
1127442
115C«46
1181437
1221466
1225.596
1228410
1234.79
1237.67
1243 ,64
1316466
1322.35
1408454
149C.17
15C1.39
1558468

STATICN MINUTES MINUTFS SINCE LAST ASCNODE REV,
IM SICGHT LAST CONTACT FelLONGeosDEG, O

JCHANNFSPURG 6421 63,73 1
WINKFTFLE 6440 16,56 40,08 1
CCLI FGF 9,74 64,36 40,08 1
JCHANNFSALRCG 3459 47,51 40,08 2
WINKFIFLT 1C.28 10,44 16442 2
CCLLFGF 1C.26 5,70 16442 2
WINKFIFLD R,21 68.78 ~7.23 3
CCLLECGF R, 6G 6,821 -7423 3
CRRCRA! 10,22 19,56 ~7423 4
STe JCHENS 9,77 40,20 ~304R8 4
CCLLFGF 6,03 5,43 -30.R8 4
CRPCPRAI 641 23,71 -3Nn,88 5
SANTTACGC 1.41 24,5 -30,88 5
FTo MYFRS 3,26 15,63 -54,564 5
RCSMAN 4eC7 .00 =544,54 5
STe JOKNS 9.7%1 .CO -54,54 5
CCLLFGF 4,65 4,62 ~54,54 5
SANTTACGC 1€, %6 54,51 =54 ,54 6
LIMA 1C,35 .00 -54,54 6
FTe MYFRS 10433 +CO =78,19 6
RCSMAN 1Ce?9 .00 =T78,19 6
CCLLFCF 5465 3,54 ~78,19 6
SANTTAGC 2.09 60,00 -78,19 7
CCLLFGF 9,18 22.3¢ -101,75 7
CCLLFGF 1Ce36 83,35 =125450 8
JCHANNFSRRC 9,45 2R.02 -12%450 9
CCLLFGF 9,25 46,77 -140,16 9
JCHAMNFSPLRC .06 28,50 -140,16 10
CCLLFCGF 2,20 62,24 -172,%1 10
WINKFIFLE 9,98 9486 =172.R1 10
CRRCRAL 4400 43,57 =-177a81 11
NINKFTELD 9,33 36,88 163,54 11
CRRCRAl 17,35 42,23 163,54 12
STe JCHANS 9649 34,13 139,88 12
SANTTAGC 9420 13,55 139,88 13
CRRCPAL 1.96 21,72 139,88 13
STe JCHNS Geah2 3R, 33 116,23 13
RCSNMAN R.26 .00 116,23 13
FTe MYFRS 3495 .C0 116423 13
aLITe 1027 .00 116,23 14
LIvVA 10,735 .CO 116,23 14
SANTTAGC 2,498 .00 116,23 14
RCEMAN 5,71 67,07 92,57 14
FTe MYERS ReR4 +00 92,57 14
CCLLFCF 3,05 T77.74 6R,92 15
WINKFIFLE 4413 78.19 454,26 16
CCLLFGF 9,24 7.10 454,26 16
JCHAMNESRURC 1736 484,05 454,26 17
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Also included in Figure 34 is the sequence of events or operations associated
with a typical telemetry contact. The sequence indicated is one which would
likely be used at College or Rosman while the sequence at any of the other
stations would consist of only the first four operations listed. The amount of
time that the satellite is in contact with the station certainly governs the
length and type of sequences to be performed.

The acquisition and lock-on operation is essentially that of achieving automatic
tracking of the satellite. When this is accomplished, commands can then be
transmitted to request transmission of status data. After a sufficient amount
of status data has been received, further commands can request transmission

of the data in storage (starmapper data, etc.)

There may be occasions when it may be advantageous to set some conditions
into the satellite for the forthcoming orbits (attitude control, calibration, etc.).
These commands and the verification thereof would then conclude the contact
with the satellite,

Data Acquisition Plan for a Typical Day of In-Orbit Operation

The acquisition of data during a typical day can be outlined by referring back
to Table 3. This table represents one of the 24 typical days of operation,
Assuming a storage capability of one orbit (94 minutes), then data dumps must
be accomplished such that the accumulated time since the last contact be less
than one orbit time. For the particular day represented by the passes in
Table 3, the first data dump could be at Winkfield, the second at St. John's,
etc. A graphical presentation of station contacts is shown in Figure 35, using
the data presented in Table 3. Note that the station contacts have been cate-
gorized into two groups and called primary and secondary contacts. Primary
contacts are identified as those contacts which are either absolutely necessary
for proper telemetry coverage and/or the station making the contact is on the
North American Continent. Station contacts within the continent result in the
shortest delay of data delivery to GSFC. The solid rectangles in Figure 35
indicate a set of particular station contacts made during the typical day pre-
sented while the open rectangles represent alternate station contacts that

could have been made. There may be a problem of satellite priority and thus,
selection of secondary station contacts will have to be made, The detailed

weekly plan for this phase of data acquisition will be established by GSFC in
advance of actual acquisition with active satellite priorities incorporated.

The manner in which data is acquired during each contact is conveniently des-
cribed in terms of a sequence of events, A typical sequence of events would
be as follows. After contact is established with the satellite on the basis of
tracking predictions, the telemetry status data would be received, conditioned,
and duplexed to determine satellite status, Commands would then be initiated
to establish the desired conditions in the satellite data handling system and to
initiate playback of the scientific data from storage. The remainder of the
contact may be used to set up further commands, if required, and to exercise
the experiment equipment for calibration or diagnostic purposes. Primary

command and control of the spacecraft should be retained at a central HDS control
office while certain routine commands can be handled by the local ground station
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as required., The minimum useful contact time is estimated to be approxi-
mately three minutes with two of these being allotted to telemetering of
scientific data. The maximum contact time is on the order of ten minutes,
assuming a minimum elevation of 5 deg from the horizon. This can be seen
by referring to Table 3 in the column Min in Sight. A typical contact is
diagrammed in Figure 36 to show the sequence of events performed during
the contact. When a short contact is made, it is obvious that certain opera-
tions must be shortened or eliminated. For example, if it is necessary to
make contact where the satellite is in sight for only four minutes, only the
operations absoluately necessary will be performed.

After data has been received and recorded at the ground station, it is mailed
to the GSFC Data Processing Center. Delivery time ranges from two days to
two weeks depending upon the station location, The Alaska and Rosman sta-
tions have direct microwave links with GSFC and any data received at these
stations is usually transmitted over the links with a very short delay from the
time of satellite contact. This allows certain data to be processed at the con-
trol center for quick look purposes when it is necessary to react rapidly to
conditions on the satellite. Figure 36 also indicates the mode of data delivery
from the station to GSFC and the approximate delay in delivery.

CONCLUSIONS

The following conclusions regarding data acquisition considerations have been
formed:

e The vhf (136 MHz) STADAN telemetry link should be used
as the primary link since it provides the best telemetry cover-
age and satisfies the data bandwidth requirements.

e The R&RR S-band carrier can conveniently be used as a back-
up link since the basic system is required for the tracking
function,

e The tone-digital command system is recommended for the space-
craft system since it can handle the quantity and type of commands
required,

e The primary stations recommended for telemetry contacts are
College, Rosman, St. Johns, and Winkfield since these stations
provide adequate coverage and will permit transmission of the
data to GSFC in the least amount of time. Satellite priorities
will interfere with this plan; however, it is expected that the
preference will be given to these stations when possible,
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ATTITUDE DETERMINATION

Attitude determination is defined as the estimation of the spacecraft (mea-
surement system) attitude with respect to some known frame of reference.
The conceptual design of the attitude measurement system consists of de-
fining the required measurement devices and ground data processing system.
This section describes the conceplual design fcasibility study conducted,
assuming a passive starmapper/sun sensor instrument system in the satel-
lite, and a least-squares attitude estimation algorithm programmed in a
ground-based computer.

INTRODUCTION AND STATEMENT OF THE PROBLEM

The detailed analyses of the attitude measurement and determination systern
mechanization is an extension of the studies conducted in Phase A, Part I,
Considering spacecraft system mechanization including reliability and experi-
ment requirements, the spacecraft concept was determined to be a spin-
stabilized wheel configuration with the angular momentum vector nominally
perpendicular to the spacecraft orbit plane. An important consideration in
the selection of an attitude measurement system concept is the lack of a re-
quirement for an on-board, real-time knowledge of the precise attitude of

the vehicle.

When considering the rolling-wheel spacecraft conceptual system operating
for one year in space, inertial sensors, such as gyroscopes, prove unaccept-
able. Coupling this with the lack of a requirement for real-time attitude
knowledge, the attitude measurement system selected is one which utilizes
the spacecraft motion to scan the celestial sphere, a starmapper concept.

Data storage and transmission equipment are assumed to be aboard the satel-
lite so that ground based a posteriori attitude estimation can be accomplished.
The problem, then, becomes one of defining the detailed data processing
algorithm to be used and the data requirements from the satellite.

The problem has several interesting features. First, the starmapper is an
instrument which emits a time pulse whenever a star comes into the field of
view. To interpret such signals in terms of attitude, it is necessary to inte-
grate a set of model differential equations. (It is also necessary to know
what star produced what pulse. The matching of time pulses to stars is
assumed to have been done.) Thus, one must define a model for the space-
craft. The principal task here is the determination of the torques acting on
the vehicle. This is not a trivial problem, even though many of the torque
terms are found to be negligible. The major torques are magnetic moment
and eddy current torques and their forms are difficult to define with exact-
ness. Moreover, unpredictable torques, such as those produced by meteor-
oid impacts, produce additional uncertainties in the model. Thus, the
vehicle model is not perfect and the integrated path, in general, departs
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from reality. Additionally, the time pulses from the starmapper may be in
error by some random amount. It is, thus, necessary to consider the sta-
tistics of the timing pulse error in the interpretation of the signal.

Finally, practical considerations of the orbit and the starmapper instrument
design modify the starmapper concept to some extent. A circular, sun-
synchronous orbit was chosen for the radiometer experiment. This orbit

is such that the vehicle is in the sunlight almost 70 percent of the time, To
see stars during this time, the starmapper would require a baffle with an

attenuation on the order of 10-12. Present state of the art in the design of

baffles makes it difficult (if not impossible) to guarantee that this attenuation
can be met. Thus, the starmapper may be useless during most of the orbit.

The model uncertainties and the accuracy requirements on the attitude deter-
mination rule out attitude prediction over this part of the orbit. Thus, some
kind of attitude measurements must be made.

The measurement problem is resolved by introducing a sun sensor into the
starmapper concept. This device produces signals, comparable to those of
the starmapper, whenever the sun crosses the field of view, The difference
in observations is that the sun sensor sees but one body.

The problem may now be redefined as that of estimating the vehicle attitude,
as a function of time, on the basis of an assumed model, and starmapper and
sun sensor time pulses,

The chosen approach to the problem is first to set up the model differential
equations as accurately as possible, in order that the solution approximate,
as closely as possible, the motion of the vehicle, The solution of the differ-
ential equations can be expressed as a function of the initial conditions, the
model parameters, and time. The problem, then, becomes one of finding
those initial conditions and parameters that best explain (in some sense) the
observed star and sun sighting time pulses. The attitude estimate is re-
covered from integration of the differential equations with the determined
set of initial conditions and parameters.

The problem of finding the initial conditions and the model parameters is
termed the initial value problem. The method chosen to solve this problem
defines the ground based data processing algorithm to be used.

Three methods for solving the initial value problem were considered. These
include the Kalman interpolation problem, the Cox nonlinear estimation
problem, and the method of least squares. The Kalman and Cox approaches
have the advantage that model and measurement statistics can be brought
directly into the problem formulation, However, the Kalman approach re-
quires a fairly good reference solution, which may not be available in a
practical situation, and it would be difficult to determine the adequacy of a
given reference. The objective is to determine the best reference solution,
so the Kalman approach was eliminated. The Cox nonlinear approach allows
for a nonlinear solution to the initial value problem. The formulation, how-
ever, leads to a two-point boundary value problem, whose solution would
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require a large (and consequently slow) computer program. The method of
least squares was chosen as the algorithm to be used because of its relative
simplicity in comparison to the Cox approach and because the method has
been successfully used in reducing similar data in the Scanner program.

The following paragraphs detail the development of the least-squares data
reduction algorithm and the resultant computer simulation program. A data
generation program, used to generate star and sun-sighting instants, is also
described. Recsults of computer runs to determine feasibility of the star-
mapper and sun sensor instrument combination are displayed. The overall
approach to the attitude determination study is illustrated in Figure 37.

NOTATION

State Variables
W, W, W Vehicle angular rates along principal body axes
Y, ¢, 6 Euler angles relating principal axes to inertial space

t Time (independent variable)

x State vector with components (wx, wy, W, Y, ¢ 0)

Subscript (o) on state variables indicates initial conditions, usually taken at
t =0.
o

Model Parameters

Il’ 12, 13 Vehicle moments of inertia along principal x, y, and z
axes, respectively
A, C Moment of inertia ratios, taken as I1 and 13, respec-
tively, divided by 12
Mx’ My’ MZ Vehicle magnetic moment coefficients with respect to

principal coordinates

M)’(, M/,M’  Magnetic moment coefficients divided by I,

K Vehicle magnetic eddy current coefficient

K’ Magnetic eddy current coefficient divided by I,

€1 €qs &g Vehicle offset angles relating experimental axes to prin-
cipal coordinates
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The vector (61, €9 63)

Parameter vector with components (A, C, M/, M/,
M’, K') Y
z

Complete parameter vector with components (xo, a, €)

Orbit Parameters
Longitudinal of the ascending node
Inclination

True anomaly

Transit Time Model
Half field of view angle

Constraint equation as used in the generation of transit
times

Unit vector normal to the plane of O and éi
Unit vector in direction of the optical axis
Star and slit parameter vector in F

Unit vector pointing to a star

Unit vector pointing to the ith star

Rotational reference time

Initial estimate of transit time for the ith star

Estimate of transit time for the ith star from Newton' s
method

Unit vector pointing from earth center to vehicle (zenith)
Rotation angle of slit plane about optical axis
Angle between optical axis and jpn

Earth blocking angle




ipipk

io o ¥o
ip: g kg
g Jp kg
isr Jg: kg
im’ jm’ km
m=1l...,7
*1
*B
*E
.XS

Angle between line of sight to star and jS axis the instant the
star lies in the slit plane

The angle between the ith star and the optical axis o (or jS)

Star Parameters
Right ascension of a given star with respect to inertial space

Declination of a given star with respect to inertial space

Coordinate Frames and Vectors
Unit vectors in the inertial x, y, and z directions, respectively.
iI points toward the first point, Aries kI points toward

north pole, and jI completes the right-handed triad.

Unit vectors defining the orbit coordinate frame. iO points

toward the vehicle from the center of the earth (this is the
same as z) and ko is normal to the orbit plane. jo completes

the right-handed triad.

Unit vectors along the body principal %, y, and z coordinate
axes, respectively.

Unit vectors along the experimental x, y, and z coordinate
axes, respectively.

Unit vectors along the slit frame x, y, and z coordinate axeg,

respectively. i S is normal to the slit plane and jS defines O

Unit vectors for intermediate coordinate frames in the x, y,
and z directions.

A vector (usually a unit vector) with components along the inertial
X, y, and z axes, respectively. )

A vector (usually a unit vector) with components along the
principal body x, y, and z coordinate axes, respectively.

A vector (usually a unit vector) with components along the
experimental x, y, and z coordinate axes, respectively.

A vector (usually a unit vector) with components along the slit
frame x, y, and z coordinate axes, respectively.
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Transformation Matrices

E(Y, $,68) Euler transformation from inertial space to principal body co-

ordinates.
C(el, € es)Transformation from body coordinates to experimental coordinates.
A(B, v) Transformation from experimental coordinates to slit frame.
Al(B,y) First row vector in .A(B, v), _represe.nting directiop cosines of
the normal to the slit plane in experimental coordinates.
Least Squares
H(tk’ y) Constraint for kth transit time as a function of parameter
vector y.
H Vector of constraints for all transit times in a given interval
of time.
G Matrix of partials of H with respect to y.
J Least-squares function to be minimized.
Miscellaneous
BX, By’ BZ Earth magnetic field components in principal coordinates.
Tx’ Ty, TZ Torque components in principal coordinates divided by 12.
5} (Ot].) Variance of starmapper (sun sensor) time pulse error.

() Time derivative %—t-
(') The prime on a vector or a matrix represents the transpose
of the vector or the matrix.

COORDINATE FRAME REI.ATIONSHIPS

Inertial Space

All‘ coordinate systems used are referred to a single inertial coordinate frame.
This frame has its x axis pointing towards the first point of Aries, its z axis
pointing toward Polaris, and the y axis makes up a right-handed triad.

2 . . . . Let
in Jp and kI be unit vectors in the inertial x, y, and z directions, res-

spectively. Then Figure 38 illustrates the inertial ¢ i i
o ve Y oihen | 1 oordinate frame in terms
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North pole

kg
)
\ .
/;I
First point
of Aries Celestial

Equator

Figure 38. The Inertial Coordinate Frame
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Star Coordinates

The line of sight to a given star is related to inertial space by two angles.
These are @, the right ascension, and 0, the declination. The angles are
illustrated in Figure 39. Usually, the direction cosines of the star line of
sight are used. If S is the vector of direction cosines, then one sees from
Figure 39 that

cos 6 cos &
S =| cos 6 sin «

sin 0

The Orbit Frame

The line of sight from the center of the earth to the satellite is described in
terms of three rotations. The first rotation is angle ( (longitude of the
ascending node) about the inertial z axis. This is illustrated in Figure 40(a).
The second rotation is i (inclination) about the new x axis. This is shown
in Figure 40(b) as an additional rotation. The 12 and j2 vectors now define

the orbit plane. The final rotation v (true anomaly) is about the new z axis,
and is such that the x axis in the orbit frame (subscript O) points at the
satellite. Figure 40(c) shows all of these rotations.

Principal Axes Coordinate Frame

The satellite (or body) principal coordinate frame is related to inertial space
by three Euler angle rotations, as illustrated in Figure 41. The angles are
interpreted as yaw (), roll (¢) and pitch (6). In the ideal situation, angle ¥
would be the same as angle Q in Figure 40, and ¢ would equal (i - 90°).
The body y axis, jg. would be the spin axis, which would then be normal to

the orbit plane.

Experimental Coordinate Frame

The experimental coordinate frame is defined by the starmapper and sun sensor
instruments, which are rigidly attached to the radiometer. This frame is
ideally the same as the body principal coordinate frame. In practice, the two
frames differ by small amounts. Let €., €, and €, be three (small) rota-

tion angles relating the two frames. Then the ordering of the rotations from
body principle to experimental coordinate frames is illustrated in Figure 42.
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Figure 39.

Relationship of Line of Sight to a Given Star to
Inertial Space

85



86

Figure 40.

Orbit plane

. Line of sight to sate’
‘-V" o
) (This is also 2)

ie iy (c)

Relationship of Satellite Line of Sight to Inertial Space




Figure 41,

Relationship of the Principal Axis Coordinate Frame
to Inertial Space
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Figure 42,

Relationship of the Experimental Coordinate Frame to
the Principal Axis Coordinate Frame




Slit Coordinate Frame and Slit Plane

Both the starmapper and the sun sensor instruments are characterized by
slits which have known relationships with respect to the experimental coordi-
nate frame. In the study, the slits were simulated as slit planes, one of
which is shown in Figure 43(a). Two known rotation angles, vy and B, are
required to transform from the experimental frame to the slit frame. The
slit plane is defined as the jS - ks plane of the slit frame. The field of view

of the slit is limited by the half field of view angle f, as shown in Figure
43(b), which correspond to the instrument field of view.

The slit frame rotates with the body , and the slit sweeps the celestial sphere.
A time pulse is emitted by the instrument (ideally) the instant the line of
sight to a star of sufficient magnitude lies in the slit plane. The geometry at
this instant is illustrated in Figure 44. Notice that this figure holds only for
sighting instants since S is fixed in inertial space, and the slit moves as the
vehicle rotates. At the sighting instant, the line of sight to the star lies in
the slit plane, so that angle n describes the relationship of § to the slit
coordinate plane, Notice that |n | must be less than f at this instant for the
simulated (ideal) instrument to'enlit a time pulse.
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Figure 43.

——

\ Slit plane

\7/ normal

(b)

Relationship of the Slit Coordinate Frame to the Experi-
mental Coordinate Frame, Showing the Slit Plane and Slit




Slit plane

S“t __,*Star

ig

Figure 44. Relationship of the Line of Sight to a Star to the Slit Plane
at the Sighting Instant
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INPUT MODEL

Vehicle Model

The differential equations for the vehicle rotary motion may be written as

€
n

! - L
lwy w, (1-C) + Tx]A

€.
n

[wx w, (C-A) + Ty] $ ()

o [wx wy (A-1) + Tz] 16

and

= - 1 +
Y [wxsme wzcose]cos¢

AS8
n

w, cos 6 + w, sin 0 ’ (6)

.6 w—.s'
y Y sin ¢

/

where W W and w, are angular rates about the body principal axes and

Y, ¢, and 0 are Euler angles relating body and inertial coordinates (see
Figure 41),A and C are the inertia ratios

A

1,/1,
(7)

C I3/I2
and T Ty and T, are the disturbing torques divided by 12. At present, the

torques are taken as magnetic moment and eddy current torques, which have
the largest magnitudes of all the torques studied to date. The torque equations

are
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2 2
= 7 - 7 + K - \
. = M/ B, -M/ B +K [ (B,"+ B,") w, + B, (Bu_+ Bzwz)]
= ’ - ’ L 2 2 >(8)
r, = M’ B, -M/B, +K [(Bx +B,) w + B (B w, + B, wz)J
T =M’B-M’B+K’[-(B2+B2)w +B_ (B.w +Bw)]
z x Yy y X X y 'z z X X vy

The coefficients Mx ’ My and Mz are magnetic moment coefficients, K is

the eddy current coefficient, and the primes indicate that the coefficients have
all been divided by 12, the moment of inertia about the principal y axis. The

magnetic field components of the earth, Bx , B_, and Bz are in body coor-
dinates. Y

A vector Xq in inertial coordinates is seen in the body frame as Xpe The
transformation matrix is E (), ¢, 0), where

Xg = ExI (9)
and
—(cosecosw-sinesinq)sintp) (cos 0 siny/ +sin 6 sin ¢ cosy) -sin(-)cosa;
E = - cos¢ sin Y cos ¢ cos Y sin ¢ [(10)

(sinfcosy +cosOsingsiny) (sinfsiny -cosOsingcosy) cosbcos ¢_J

Constraint Equation

The constraint equation is a relationship that should hold the instant the line
of sight to a star is in the instrument slit. It states that the line of sight to
the star and the slit plane normal (S and ig in Figure 44) are orthogonal at
sighting instants.

The derivation of the constraint equation follows that of reference 7. The
transformation from inertial space to the slit coordinate system is first de-
termined, This relates a vector in inertial space to the same vector as seen
in the slit frame. The vector is taken as the direction cosine vector of a star
in these two frames, as determined from Figures 39 and 44. The constraint
equation follows by equating the two vectors through the transformation matrix.
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i i frame is displaced from
We assume that the experimental package coordinate ira :
the body principal coordinate system, and that the relationship between the
two frames is described by rotations through the three angles €1+ €9 and €4

The order-of these rotations is illustrated in Figure 42, and the transforma-
tion matrix is C (el, €os e3). A vector Xp in the body frame is seen as Xp

in the experimental frame, where

= Cx (11)
*E B
and
I.(cos €4 COS € - sin €3 sin € sin el) (cos €q sin € + sin €g sin €y COS el) (- sin €5 CO8 ez)
Cc = - COS ¢y sin €1 cos e, COS ¢, sin e,
(sin €g cos ¢, + cos €g sin €y sin el) (sin €3 sin € = COS €4 sin €9 €OS el) (cos €5 COS e2)
(12)

A given slit frame of either the starmapper or the sun sensor is related to the
experimental coordinate frame through rotation angles y and 8. The order
of these rotations is 7y about the experimental x axis and B about the new

y axis (see Figure 43)., If Xg is a vector in the slit frame and x., is the

E
vector in the experimental frame, then

Xg = A Xp (13)
where ~ _
cos B sin B sin ¥y - sin B cos y
A = 0 cos ¥y sin vy (14)
_sin B -cosf3siny cosBcosy

The combination of equations (9), (11) and (13) is

XS = ACE xI (15)
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Let X be the vector S of direction cosines of a star in inertial space. If the
star has right ascension « , and declination 6 , then

cos 6 cos o

¥; = 8 =lcos 0 sina (16)

sin &

The slit plane is defined as the slit frame jS - kS plane, If the star is in

this plane at a particular instant of time, then %q corresponding to X1 is the

vector

0
xg =| cosn (17)
sin n
where m is the angle between the line of sight to the star S and the jS axis
(Figure 44).
Equations (15) through (17) can then be written
0 cos § cos a
cosn|= ACE cos § sin « (18)
sin n sin 0

which is the vector relationship that must be satisfied the instant the star is
in the slit plane. The constraint equation is the first component of equation

(18), namely

cos O cos o

0 = AICE cos 0 sina (19)

sin 6
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where A1 is the first row of (14). This equation holds for each of the three

slits in the starmapper (with appropriate values for B and v) and for each
vigible star in the field of view of the starmapper at the proper instants of
time. It is also used for the slits of the sun sensor with o and 0 taken
as coordinates of the sun.

Transit Time Generating Prograin

{t is necessary to have a sequence of transit time pulses for the starmapper
and the sun sensor in order to determine feasibility of the least-squares

data reduction algorithm on the computer. The following paragraphs describe
a method for finding these transit times. The approach is to first determine
a set of star candidates on the celestial sphere which will be in the field

of view of the instrument. A subset of these candidates is rejected il the
stars are blocked (during a vehicle revolution time) by the earth. Transit
times for the remaining stars are generated from a time estimate and appli-
cation of Newton's method to the constraint equation.

The computer program constructed to generate the transit times is also
described.

Assume that the vehicle is on a circular, near-polar orbit with its angular
velocity vector approximately normal to the plane of the orbit. The major
contribution to the spin rate will be along the principal y axis of the vehicle,

As the vehicle moves along its orbit, an optical system rotates with the ve-
hicle, oriented in such a way that its optical axis sweeps alternately across
the earth and the sky so that part of each revolution is spent looking away
from the earth toward the stars. The portion of the sky in which the optical
system can see stars is the intersection (common region) of the annulus
swept out by the field of view of the optical system and the complement of
that part of the celestial sphere blocked out by the earth. This can be pre-

cisely formulated in terms of jE’ Si’ and f{ as defined in t'igure 45.

Clearly, the angle between éi and jE must lie within vy + f and v - f in order

to be in the annulus. For the values of v and f considered, the cosine is a
decreasing function of these angles. Thus to be in the annulus, the cosine

of the angle between éi and jB (which is éi . jB) must satisfy the inequality

cos (y+f)sjB : Siscos(y-f) (20)

Those star candidates that satisfy (20) must be further limited because some
of them are blocked by the earth disk. Now the zenith direction Z points away
from the center of the earth, and thus defines the center of the open region of
the celestial sphere. This open region is defined by the circle of radius T
on the celestial sphere. Since the cosine function is a decreasing function of
its argument, it follows that the inequality
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Celestial sphere

I

candidates not
blocked by the earth

Portion obscured by earth

Star candidates

B = Slit plane rotation angle about optical axis
T= Earth blocking angle

f=Half field of view

v = Angle between optical axis and jE

i[= Inertial x axis unit vector
jE = Experimental y axis unit vector

w= Angular velocity vector of vehicle
6= Optical axis
Si = Star position

2= Zenith direction through vehicle
k1= Inertial z axis unit vector

Figure 45. Scanning Geometry of Starmapper
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éi' z2cosT (21)
must be satisfied for the star to be within the circle of radius T on the
celestial sphere, and hence, visible to the starmapper if the star is of suf-
ficient magnitude. The intersection is further limited by requiring the instru-

ment field of view to be interior to the restricted region if a star is observed
(see Figure 38),

Let t° be a time just prior to the time that the instrument field of view enters
the restricted region. To estimate the transit time of a star candidate

S satisfying (20) and (21), observe that Gi , the angle between Si and the
optical axis O , is the approximate angle through which the vehicle must

turn in order to bring the star into the instrument field of view. The time it
takes for this to happen is approximated by the angle Gi divided by the

angular rate normal to the plane of Si and O . The normal is determined
from

sin Giﬁ = 6x§i (22)
and 6i is determined from the dot product

cos 61 = 0O-8. (23)

1
since O and Si are unit vectors. From the definition of t° and the above
discussion it follows that the approximate transit time is given by
o 6. 6. sin 6.
i i

b= o=t

w-n w'.(OxSi)

(24)

An algorithm to give the exact transit times can now be constructed. For
convenience, equation (19) is written as follows:

F(’)’, B: 6: a, ¢: w: 9) = F(P: ¢: 4/; 6) =0 (25)

where for a given star the right ascension, «@, and the declination, 6, are
constant, and for a given slit, ¥ and B are constant. The parameters ey,

€q and €3 have been suppressed in this equation. Assume that ¢ (&), Y (1),

and 0(t) are the solutions to the differential equations (5) and (6). Equation
(25) can be written explicitly as a function of time,

Flp, ¢t), ¥ ), 6(t)] = 0. (26)
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Expanding (26) in a Taylor series in ti about the point tc; and keeping terms
to the first power in 'ci gives,

= o o o - O
0 = Flo, olty, Yty 6t)I+ (Fy o)y ot -ty

27
+(Fy¥) 0 =t +(F, 8), .0 . -t9) .
] ti ti i i 6 ti--ti i i
Solving for t_gives
i
F ] ] » 6
t o=t (p. v, 9 1 (28)
F + + 7]
@ YW T Fy o
ti—ti
In view of equation (19), this becomes
;cos 6 cos a
AICE \cos 0 sina
_ 4,0 sin &
t; =t - cos & cos a. (29)

AIC(E¢¢ + Etpz,l/ + Eeé) _\cos 0 sineo )
sin &

This algorithm is to have the following interpretation, Starting from the
initial time, to’ solve the differential equations (5) and (6) out to t = t(i and

evaluate the time increment

‘cos 6 cos @y
AICE (cos 0 sin @ }
sin 6

- cos & cos oz) (30)

AIC(E¢<5 + Elptl/ + Ee'e) cos § sin o
sin
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If this time increment is sufficiently small, the solution is complete; if not,
continue the solution of the differential equation out to the new time given by
the right-hand side of equation (29) and again test. This procedure is repe:ated
until the system converges. Continuing in this manner for each star candidate,
the exact transit times for one sweep of the sky can be computed.

To bring the optical system again into position to make another sweep, it is
observed that the time taken by the vehicle to make one complete revolution
is approximately

At = 2T (31)

Jwi

so that an estimate of the beginning time for the next sweep is

21
t =t +— 32)
W (

The flow diagram corresponding to the above discussion is shown in Figure 46.

Output from the computer program includes transit time, right ascension and
declination of sighted star (or sun), slit viewing the star, and the state vector
(wx, Wes Ws Y, ¢, 6) at the transit time. An initial set of output (once per

run) identifies the vehicle, the starmapper and sun-sensor parameters, and
the orbit.

Star Catalog
A list which gives the right ascension, declination, and stellar magnitude of
all the brighter stars must be provided. The right ascension and declination
obtained from this list are of necessity at a given epoch. Hence, a method of
updating these quantities must be given. The updated declination and right

ascension should be accurate to within one arc second so these quantities can
be assumed to contribute negligible error,

1 Of .

= 1
m = -2.,5 IOgIOI_ (33)
o

where

m = stellar magnitude

I = FQ) KR &
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Select star

candidates
y
Compute Numerically solve
transit times - differential equations
)
y

Position vehicle

Figure 46. Flow Diagram For State Generating Program
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I, = o F () K(\) dx

K(\) = instrument response as a function of wavelength
F(\) = stellar intensity as a function of wavelength
Fo()\) = gtellar intensity of reference star, i.e., a zero magnitude star

This definition shows that the magnitude of a star depends on the instrument
used to observe the star. Thus, in performing a star availability investigation,
it would be most accurate to correct the magnitude listed in the star catalog
for the expected instrument response. However, the "photographic' magnitude
is reasonably close to the expected instrument response so that this quantity
can be used in a star availability investigation. Such a procedure is used here.

The star catalog utilized for these studies was the Albany General Star Catalog
which lists 33 342 stars. This catalog yields the "visual' magnitude. A
discussion of the conversion from visual to photographic magnitude is given

by Farrell and Zimmerman in reference 8.

ERROR SOURCES

The error sources which affect the attitude determination may be classified
into three main categories: (1) instrument errors; (2) errors in the mathe-
matical model; and (3) errors due to inaccuracies in the computational process.

Instrument Errors

The time at which a star crosses a slit or the time the sun's disk first
touches a slit is the basic quantity measured by the starmapper and sun
sensor. The principal instrument error is then an error in measuring and
recording such times. A secondary source of instrument error may occur
because of misalignment of the slits with respect to each other, but careful
design and alignment procedures will minimize such errors.

Consideration of the optical and detection systems impliesthata random error

in the determination of the line of sight to a star whose rms error is about
ten seconds of arc is reasonable. I'Or a scan period of the satellite of 20

seconds, this error yields a corresponding transit time error such that

Adt) = 0.155 x 10™3 second
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In addition to a random error, the transit time may possess a systematic
error due to an inaccuracy in estimating the delay of the filtered output of
the photomultiplier, These systematic time errors would result in a com-
puted attitude which systematically lags or leads the true attitude. Since

the desired attitude accuracy is 10 arc seconds, the instrument must be de-
signed so the systematic component of the transit time error must be less
than about 0.5 the random error, or some independent method of removing a
constant bias error in the attitude must be established.

Errors in the Mathematical Model

The most general treatment of the attitude motion of a rigid satellite requires
a system of six second order differential equations to describe this motion,
since the translational and rotational motions are not independent, However,
for satellites of small dimensions, this dependence is extremely weak (ref, 9),
Hence, the translational motion may be derived by assuming a point mass and
the rotational motion derived by assuming motion about the mass center., Thus
when concerned with the satellite orientations, the translational motion,ex~
cept for its influence on the torque applied to the satellite, may be disregarded,

The current model assumes a rigid satellite, If this assumption were not
satisfied, the principal moments of inertia would be functions of time. If
this effect were present but neglected in the model, a quite substantial error
could result. Thus, great care must be taken to ensure that the satellite is a
rigid body in the time interval over which measurements are taken.

The applied torques, however, must be given careful consideration, A func-
tional form for these torques must be assumed, but unfortunately these
torques may not be known with adequate accuracy. To overcome this diffi-
culty, unknown or poorly known multiplicative constants are applied to the
major torques. These unknowns are then computed as part of the overall
problem. To test the adequacy of such a process, two extreme forms for the
torque may be utilized. One form is used to compute the time of transit
across the slit, the other to recover the attitude which produced these times,
If the recovery is not satisfactory, emphasis must be placed on obtaining a
more accurate model of the torques.

Errors in the Computational Process

An analytical solution to the differential equations which govern the attitude
motion of the satellite does not appear to exist., Hence, a solution through
a numerical solution to differential equations technique or some approxima-
tion technique must be sought.

The problem of obtaining an accurate attitude over a long time duration is not
trivial, even if the initial conditions which define the satellite attitude and the
form of the differential equations are error-free.

The error in solution of the differential equations over the period of the ex-
periments performed in the analysis are neglible, as shown in Appendix L

103



LEAST-SQUARES DATA REDUCTION ALGORITHM

The least-squares data reduction algorithm is developed in the following para-
graphs. It is shown that the solution of the model differential equations can
be expressed in terms of twelve parameters, and that the constraint equation
is a function of these and three more (for a total of fifteen parameters). The
least-squares problem is posed as that of finding those fifteen parameters that
best satisfy the constraint equations at starmapper (sun sensor) time pulse
instants. Since there is no reason for assuming that certain pulse times are
better than others, unity weighting is assigned to each observation. The
normal equations for the least squares problem are derived, and an iterative
method for finding the solution to these equations is developed. This is the
general least-squares data reduction algorithm. Later paragraphs consider
the least-squares problem where some of the fifteen parameters are held
fixed at pre-assigned values. As might be expected, this leads to least-
squares data reduction algorithms of reduced dimension.

General Method

The differential equations (5) and (6) with torques (8) have solutions which

can be expressed as functions of time, the initial conditions, and the param-

eters. The initial conditions are the set fw_ , w._ , w_, ¥ , ¢ , 6\ taken
x' v, 2 o’ Yo’ "o

at time t=to, and the parameters are (A, C, M'X R M;,, MZ', K. e con-

straint equation (19) contains angles ¥, ¢ and 6 (through the E matrix) evalu-
ated at specific instants of time, Thus, (19) can be expressed, in part, as a
function of the initial conditions and parameters, and the time instant. Equa-
tion (19) is also a function of the mismatch angles (el, €gs 63), so the com-

plete set of parameters for (19) is the 15 dimensional vector

= 4 4 ¢ ,
Yy (wxoa wyoa wzo.v l‘bO, ¢O’ 901 A: C: MX, Myv NIZ’ K ;€1: €2: €3 ) (34)

and the time instant at which ¥, ¢, and 8 are evaluated. (The slit plane
angles 8 and ¥ , and the star angles @ and § are omitted in the y vector,
since they are assumed to be known quantities).

Now consider a time interval to st<T, Let N be the total number of obser-
vations of the stars through all the slits during the time interval, Let tk’

k =1, ..., N, be the observation instants, as seen by the starmapper, at
which (19) is supposed to hold. In general, tk is not the exact instant that

will cause (19) to be true, Moreover, the model differential equations (5)
and (6) with torques (8) may differ from the exact differential equations, so
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that actual attitude may differ from the computed attitude. This could cause
(19) to be violated, even if ’ck were the exact transit time. In view of this, let

H(tk, y) be the right-hand side of (19) and consider the equations

H(tk, y)=Rk,k=1,...,N (35)

The least squares problem to be solved is that of minimizing the sum

N 2
LY {H (t, y)] (36)

with respect to the fifteen dimensional vector y of equation (34).

The necessary condition for (36) to be a minimum is

g aH(tk. y)
H(t ,y)———— = 0, i=lpooo’ n) (37)
k=1 k o¥;

where n is taken as 15, To construct the least squares algorithm, assume a
linear expansion for H of the form

= + _
H(t,,y) = H(t,, y) & T3 ij (38)

and re-phrase (36) in terms of the vector Ay. Thus,

N n 3 H(tk, y) 2

= R + — Ay. 39)

ey =y [H(tk T (
is the function to be minimized, and the normal equations (37) become
3H(t,, ¥) dH(t,, y) 3H(t,,y)
—E— Hit, y + L T Ay (40)
k . y’i k:j i J '
i=1,...,n
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In matrix notation, this is

G'H+G'GaAay =0 (41)

where
h -~ -
] 3H(t,, ), . . . BH(t;, )
H(t,,y) By, oy y"n_'
H = s G = . . (42)
H(fN’ ) aH(tN, ¥) s e oo 3H(ty, )
L J ayl ayn

If the approximation (38) is good enough, the Ay computed from (41) will cause
J(Ay) in (39) to be less than J(0). If Ay is then added to y, and new Ay's are

computed iteratively, the process should converge to a solution which satis-
fies (37). Convergence should be quadratic, since (41) is the Newton-Raphson
method.

To determine the partial derivatives required in (42), notice first that
H(tk,y), may be differentiated directly with respect to the mismatch angles

e € and €q- The other partials are evaluated from the expression

A _ SE 3y , 3E 3¢ , 3E 30) & .
b (e V) Alc[aw 50 T 3¢ 3b 26 ab] S (33)

where {, ¢, 60 and their partials are evaluated at t=tk, b is one of (wx , wy s
o Yo
wzo, Voo 8,05 AC M, M}', M;, K’) and § is the vector in (19), The
partials of ¥, ¢, and 6 come from solution of linearized versions of equations
(5) and (6) with torques (8). For convenience, let x = (wx, wy, W, Y, ¢, 6)

and let a = (A, C, M};. M;.. Mz" K ).

Then equations (5) and (6) with torques (8) have the form

x = f(t, x, a), x(to) = X, (44)

and the corresponding linear differential equations are
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I o - 5% 5%’ % (to) = 1 (45)
O O 0]
dox _ of o9x  of = 3x =
at ?a 5% da T3’ #a o) 70O (46)

Equations (45) and (46) are solved simultaneously with equation (44), and
values at t = tk are used to evaluate (43).

In summary, the method proceeds as follows:

1. An initial estimate for y = (xo, a, € is provided.
2. Fquations (44) through (46) are integrated,
3. At each star observation instant tk’ k = 1, ..., N, the constraint H

and its partials are computed [equation (38) and the remarks above
this equation] and inserted in (42).

. Ay is computed from (41) after the last observation has been processed,
5. Ay is added to y
6. Steps 2-5 are repeated until Ay becomes negligible.

The mathematical flow diagram of their process is shown in Figure 47.

Extension of the Method

In the sequel it will be necessary to consider least squares problems where
some of the 15 variables of (34) are held fixed at known values, The QbJectlve
of this section is to develop the normal equations (40) to be used in this event.
Thus, consider the problem of minimizing (36) subject to the single constraint

(47)

h
where Ym is the fixed value for the mt component of vector y.
o}

The time honored approach to this problem is to use Lagrange multipliers
and to minimize the function

N
2
Fip = ) Hie ¥ 3 (Y "V ) (48)
(o]
k=1
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Initial guess on
y= (xo, a, €)

|

Integrate diff equations
(44), (45), (46) to
star observation times
tk,k= 1,ooo,N

[

\

Update H(tk,y), Gin
equation (42) at star

observation instants k<N
tek=Lrooo, N -
k>N

1

Compute Ay from
equation (41)
sety=y+Ay

Figure 47. Mathematical Flow Diagram of the Least-Squares
Attitude Determination Simulation
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Thus, it is found that

N
ZH(t y & (¢ ,y) = 0, i#m (49)
k:y ay k;y )J
k=1 J
and
N
oH -

Z H(tk,y) a—y—rr-l- (tk, y) + )\m =0 (50)
k=1

where Ym satisfies (47). Equation (50) can always be satisfied by proper
choice of xm, and equation (49) is the (n-1) - dimensional version of (37).

In terms of the linearized version (39) of the problem, the constraint (47)

becomes -
Aym =0, (51)

and the function to be minimized is

F(ay) = J@y) +x Ay, (52)

where J (Ay) is defined by equation (39). The solution to this problem is

8H (t, ,y) BH(t, ,y) dH(t,,y)
k k k .
—_—H(t, + Z Ay. = 0,if m 53
Z 3y, () 8y, 3y, Y d (53)
k =1 K, j J
N
Z H(t,, y) ( SH(t,,y) &lt,,y) (54)
— K Ht,,y + Z Ay. +x__ = 0 54
3y k oy Y J m
k=1 ” ki 0 !
with Aym = 0. As before, equation (54) can always be satisfied, and

equation (53) is the (n-1) - dimensional form of (40). In terms of the matrix
notation of equations (41) and (42), only the mth column of matrix G is de-
leted, and (41) is solved for the (n-1) - dimensional vector Ay.

More variables may be made constants by an obvious extension of the results.

The effect is to delete more columns of matrix G and to reduce the dimen-
sion of Ay.
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Other Methods

Two other approaches to the attitude determination problem were considered
in addition to the least squares method: (1) the Kalman linear interpolation
problem (ref. 10); and (2) the Cox nonlinear estimation problem (ref. 11).
Both approaches allow for additive noise in the differential equations (5) and
(6) and in the observation instants t . These methods were rejected in favor

of least squares for the following reasons,
The Cox nonlinear approach has two major weaknesses:

® Second partials of the solution are required, which requires a large
amount of computer time, The effects of neglecting second partials
are unknown,

° The noise term in the Cox difference equation should be a function ot
the state vector as well as time, This complicates the two point
boundary value problem, resulting in a larger program and more
computer time,

The Cox (Kalman) linear approach assumes a fairly good reference solution.
In practice, a good reference may not be known, and it would be difficult to
determine the adequacy of a given reference. This reference would undoubt-
edly come from integration of a set of differential equations, whose form
might not correspond to reality. Thus, the solution to the Cox linear problem
might not correspond to reality.

A further difficulty with the Cox approach is that some of the noise in this
problem may not be white noise. For example, the earth's magnetic varia-
tion from the model varies slowly as a function of time -- it is strongly cor-
related from one star sighting to the next. Moreover, some of the variations
are not random functions of time, and these would be difficult to incorporate
in the model. Thus, there is some doubt that the Cox approach is appropriate
for the problem under consideration.
The least squares method has several advantages:

° A solution to the nonlinear problem is realized,

® Only first partials of the state vector are required, which means
a simpler computer program and faster running time,

[ Convergence characteristics are similar to those experienced in re-
ducing the Scanner data.

. Results can be easily interpreted,

° Adequacy of the resulis can be interpreted quite easily.
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™ Results can be easily refined, for example, by breaking the solu-
tion into two or more subarcs.

° A large amount of experience has been accumulated using the
method.

SIMULATION DESCRIPTION

The computer block diagram for the least squares solution of the attitude
determination problem is shown in Figure 48, and the mathematical flow dia-
gram for the process is shown in Figure 47. The program operates in the
following manner. Guesses for initial conditions and parameters are read in
from cards. After initialization, the program proceeds to the ''real time"
branch of the first test, and then to the first output. The data tape is then
read, to establish the first star observation time. (The data tape is con-
structed by the data generating program described in the previous section.)
Other data on the tape includes star coordinates, star or sun sensor slit,

real time, and the state vector. The state vector is used to establish the dif-
ference between estimated and actual state of the vehicle at the true star ob-
servation instant. The program then proceeds to integrate to the first ob-
servation point. The differential equations include (44) through (46). The
break time (TB) is either the actual time of the star sighting or the recorded
time of the sighting (real time suitable corrupted by noise). There is also
the possibility that the two times are equal. If TB = real time, then the
difference between estimated and actual state vectors are generated for the
output, If TB = star time, then G'H and G'G of equation (41) are updated for
the observation. If star time = real time, both branches of the block diagram
are taken., The logic is such that both branches must be taken before the first
output is reached, For example, if real time = star time, TB = real time.
After preparing the output, JOP = 1, (JOP is J output). TB is then set to
star time, and integrations proceed to that point. After updating, K = 5,
and JOP = 2, The program then outputs selected data, and reads the next
star observation tape record,

The program proceeds through all observations in the above fashion. After
the last star sighting has been processed, the initial conditions x, and the

parameters a and & are updated through equation (41). A convergence
test is then performed. If the process has not converged, the program pre-
pares for another iteration, using updated values.

In the solution for Ay through equation (41), the user has the ability to de-
lete as many variables as he wishes. Thus, solutions for problems with less
than 15 variables are readily obtained.

An editing routine is also included in the program. This allows the user to
select a given number of stars per revolution of the satellite from those
generated by the data generating program, and to add noise to the selected
instrument transit times. The stars are selected on the basis of brightness
(magnitude). If two or more stars have the same magnitude, then the sighting
occurring first in time is selected. The editing routine is used to generate the
input tape for the simulation program.
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Figure 48, Block Diagram for Solution of the Attitude Determination
Problem by Least ‘Squares
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Physically, the routine exists in two forms. One of these assumes that the
star data is on cards, whereas the other assumes the data to be on magnetic
tape. In the tape version, three times are required as additional input. The
first time is the initial point, the second time is the first observation point,
and the third time is the last observation point, This input makes the tape
version almost as flexible as the card version of the routine,

A listing of the simulation program appears as Appendix J of this report. The
tape version of the editing routine is included in this listing, as well as all
subroutines,

RESULTS AND ANALYSIS

Experiments Performed

The vehicle is assumed to be in a circular, 500-km orbit about a spherical ro-
tating earth. The date is taken as the first day of spring, so that the sun ic

out the inertial x axis. The orbit parameters (see Figure 42) are taken

as O = 45° and i = 97, 38°,

Figure 49 shows the planar relationship of the sun and the orbit. Only the
bottom half of the orbit is used during simulation runs, since the problem is
mathematically symmetric with respect to a point halfway through the day-
light portion. Therefore, demonstration of feasibility requires only a half an
orbit of data. Also, simulation of a complete orbit would have resulted in
excessive computer usage.

sComputer runs start at t = 0 in the center of the dark side of the orbit
(Figure 49). This corresponds to a true anomaly of v = 187.3° (see

Figure 48). The dividing point between daylight and dark (twilight) is approx-
imately one-sixth of an orbit later, at about t = 940 seconds, Star data is
collected over the interval 0 < t <880 seconds. Thus, a data gap of about
one minute is introduced in the star data to allow for earth atmospheric re-
fraction of sun rays and earth glow effects on the starmapper optics. Com-
puter results indicate that the solution from the dark side can be extrapolated
over this time period within 10 arc seconds of error.

An additional time gap of one minute is allowed from the twilight point to the
first sun sighting data point. This is sufficient time for the vehicle to rise
above the earth's atmosphere, so that refraction effects can be neglected,
Sun data is collected for the remainder of the half orbit.

Initial conditions and parameter values at the center of the dark are taken as:

. 2094 deg/sec

€
n

18 deg/sec
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n
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o

Y, = 45deg

%o = 190 deg

90 = 180 deg

I, = 54,68 2
1 = . slug - ft

I, = 65.62 2
9 = . slug - ft
I, = 54.68 2
3 = . slug - ft
€4 = 0 deg

€9 = 0 deg

€3 = 0 deg

Values for Mx’ My’ MZ and K are discussed below.

From the initial conditions and parameters, it can be shown that the vehicle
is symmetric (I1 = 13), that it spins at roughly 3 rpm about the principle

y axis, and that the cone angle is about 0.7 degrees. From the orbit param-
eters, the spin vector is misaligned with respect to the orbit normal by about
2.6 degrees.

The torque equations (8) may not represent the exact torques acting on the
vehicle. Reasons for this are (1) that the forms of the torques may only
approximate the exact forms for magnetic moment and eddy current torques;
(2) the earth's magnetic field is known to about +1 percent of the computed
value, and (3) additional torques have been neglected. To simulate these
effects, the magnetic field components (in local vertical coordinates) are
perturbed in the data generating program by the amounts

AB = (a, sihw, t) B \
X1, 1 1 XL
= i 55
AByL (a2 sin v, t) ByL > (55)
AB = (a, sinw, t) B
ZL 3 3 ZL )
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The rates w, w, and wg correspond to periods of 1/2, 1/3 and 1/5 of an ov-

bit to simulate long period effects, and values for a;, a and ag are dis-

cussed below,

It is also known that the magnetic moment coefficients Mx’ My,and MZ

have different values during the sunlight portion of the orbitthen they do
over the dark part., To simulate this effect in the data generating program,
the values of the coefficients are perturbed at the twilight point by the
amounts

AM_ = 05 M
X x
AM = -.05M
y y
AM_ = .00 M
z z

The data generating program generates star crossing instants for the star-
mapper over the dark portion of the orbit to the twilight point. Stars down
to 3.4 magnitude are used. The sun-sensor slits are then used to generate
sun data for the remainder of the orbit.

During runs of the least squares attitude determination program, it became
evident that the offset angle ¢4 in (34) was difficult to determine. The

reason for this is that the last column of matrix G in (42),representing par-
tials with respect to e,, 1is approximately the same as the column contain-

ing partials with respect to 60. This is especially true when € = € = 0.

In this case 6 and ¢, are additive rotations about the same axis. The

3
vehicle is also nearly symmetric, which aggrevates the situation. The re-
sult of these factors is to make the matrix G'G nearly singular, so that poor

estimates of 60 and €3 are obtained. The angle €; was consequently set

to zero during the runs described below.

It is recognized that €5 may be important for the satellite under considera-

tion. Appendix K describes a method that might be used to determine this
angle.

Runs of the least squares data processing program are split into two parts,

one for the dark part and one for the sunlit part of the orbit. Thus, star

data (suitably edited) is used to determine the attitude from the center of the
dark to approximately one minute before the twilight point. Results obtained

to date during these computer runs are discussedfirst. The converged terminal
conditions for these runsbecome the initial conditions for the sunlit portion
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of the orbit. Since a complete solution to the attitude determination problem
cannot be obtained from sun sightings alone, problems with reduced dimen-
sion are considered for this part of the orbit. Experiments to determine the
dimensionality of the problems, and the attitude results obtained are discussed
below.

Another possibility is that of finding a solution to the attitude determination
problem for the full half orbit using all data collected. In Appendix L, feasi-
bility for this approach is demonstrated for the no torque problem. Such a
solution for the torqued problem is valid only if torque uncertainties are suf-
ficiently low. No experiments were performed on the computer to determine
if this is so, since computer time for the solution would have been excessive.

Star Sighting Results

Several computer runs were made to test the adequacy of the least squares
approach to the attitude determination problem. The effects of model pertur-
bations, residual magnetic moment and eddy current torque levels, and num-
ber of stars sighted per revolution were examined, The starmapper para-
meters for these runs are given in Table 3,

TABLE 5. - STARMAPPER PARAMETERS

i [ 5. e Y, 3es
1 -20 90
2 0 90
3 20 90

During editing of the star sighting instants, only one noise set was used. The
length of the set was determined from the six star per revolution case. When
fewer stars per revolution were simulated (four stars and two stars) noise
values at the bottom of the set were deleted.

Several of the computer runs are discussed below. All runs have 14 variables
and converged to solutions.

Case I: six stars per revolution. -- The parameter values

6 g - lb/gauss

M, = M =MZ=5.16x10'
: -5 2
K = 1.42 x 10" ° ft-1b - sec/gauss

and magnetic field perturbation constants
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a, =a, = ag = 0.02

were used to generate the star sighting instants.
the six brightest stars per revolution.

Data was edited to obtain

2 . ,
The residual magnetic moment vector has a 0, 1 amp-turn-m magnitude with
'equal components along each of the three body coordinate axes. A 1 amp-turn-

m2 residual corresponds to measured moments gathered on the early Tiros
spacecraft. Further study has shown that the HDS spacecraft is mag_netlcally
cleaner than Tiros because of the nature of the solar-cell configuration on
Tiros. Current loops on the Tiros are changing due to the unsymmetrical
illumination of the spacecraft and the spin of the spacecraft.

The eddy current coefficient was selected based on spin down data of various
satellite programs. The value given is 1/2 of the derived value. In general,
the spin down criteria is that the spacecraft will reach 1/2 of the initial spin
rate in 100 days of operation. Using this criteria, the eddy current coeffi-
cient was derived for analysis. Techniques may be applied to reduce the
effect of the eddy currents by designing to reduce the magnitude of the eddy
current coefficients.

Output from the least squares program included differences in angles at the
true star sighting instants. The angles from the data generating program
represent true angular relationship of the body principle axes with respect

to inertial space [see equations (9) and (10)]. They also relate experimental
axes to inertial space, since the offset angles € and €y have been assumed

to be zero. In the attitude determination program, the computed angles relate
principal axes with inertial space. It is the differences between these angles
that appear in the output. The extreme values of these differences after
convergence and over the entire run(848 seconds) are given in Table 6.

TABLE 6. - EXTREME ERRORS IN EULER ANGI.ES
RELATING PRINCIPAL AXES TO INERTIAL!-
SPACE AT STAR SIGHTING INSTANTS

Ay arc sec A@ arc sec A6 arc sec
Max, | Min, Max, | Min, Max. | Min.
-3.04 -13.25 4.21 -5.90 0. 31 -3.75

The least squares program provides a very accurate fit to the data. Angles
Y and ¢ are well within required bounds, so far as tangent-height calcula-
tions are concerned, and angle 6 (the angle of interest) is in error by less
than 4 arc seconds.

The converged values for the offset angles were calculated as:
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€

1 = ~-,0021 deg

€ -.0014 deg

This means that the experimental axes are misaligned with respect to the
principal axes, so far as the attitude determination program is concerned.
To estimate the errors for the experimental axes, consider new angles
l,b', o', 6’ which relate experimental coordinates to inertial axes. Then
from (9) through (11)

E(W', ¢ 67 = Cley, ey) E(Y, ¢, 6) (56)

where E is computed assuming ¢', ¢’, and 6’ rotations in the same order
as for ¥, ¢ and 6.

Now let
Vo= Yy
¢’ = ¢ +60 (57)
6' = 6+5606

Then if €1 € 0y, O0¢.,and 66 are assumed to be small angles, (56) can be

solved to give

by = E%E¢[elcos6—e2 sin 6] (58)
6p = elsin9+ €5 cos 6 (59)
56 = -6y sing (60)

0y, 09,and 66 are correction terms which, when added to AY, Ag¢gand A8,
determine angular errors in the experimental axes of the vehicle. Typical
errors in the pitch angle (sum of (60) and A6) are plotted in Figure 50.

The upper and lower envelopes (dashed lines) represent the values of maxi-
mum and minimum errors at star sighting instants. The curves joining the
envelopes (solid lines) are the errors over star sighting intervals, Time be-
tween these curves represents the rest of the rotation period of the vehicle,
over which no data is available from this program.

The moment of inertia ratios were calculated as:

A

.83325

C .83333
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as compared to the ideal value .83328 used in the data generating program.,
The vehicle thus turned out to be nearly symmetrical, and the star observa-
tions determined the inertia ratios quite well, However, the magnetic
moment coefficients were calculated as:

M_ = -3.58 x 1070
X

_ -6
M = 3.87x10
y

_ -5
M, = 5.17 x 10

as compared to 5. 16 x 10 6 ft - Ib/gauss. Thus, the magnetic field pertur-
bations caused the program to compute drastically different values for these
quantities to best explain the transit times of the stars. The eddy current
coefficient K was correctly determined in this case. However, other re-
sults (see below) indicate that the value of this quantity is also juggled
somewhat by the program to best explain the data, (Of course, MX, My’ MZ

.

and K can be computed only if 12 is known. The program finds MX', .
K’, which are the coefficients divided by I,. Values given above are pre-

sented only for comparison purposes.)

Case II. - This is the same as Case I above, except that the editing rou-
tine selected the four brightest stars per revolution. The extreme errors in
angles relating principal axes of the body are shown in Table 7. It is evident
that the spread in the results is larger than for Case I, although still well
within bounds. The larger spread is also seen in Figure 51 , where errors
in the pitch angle relating experimental coordinates to inertial space are
shown, Parameter values obtained for this case are:

TABLE 7. - EXTREME ERRORS IN EULER ANGLES
RELATING PRINCIPAL AXES TO INERTIAL
SPACE AT STAR SIGHTING INSTANTS

Ay, arc sec A¢ arc sec A6, arc sec
Case Max. |  Min. Max. |  Min. Max. | Min.
I -3.04 -13.25 4,21 -5.90 0. 31 -3.75
I 9. 41 -16.83 20. 23 -8.1 1.14 -6.47
III 86 40 129 100 18. 15 8.76
v 1.85 -14.4 5. 99 -9.96 3. 44 -5.84
v 0.24 -20, 38 6. 94 -13.56 5.73 -6.08
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€ = -.0059deg

e, = -.0012deg

A = ,83420

C = .83235

M, = -6.42x 10°° ft-1b/gauss
My= 5.84 x 10°° ft-1b/gauss

MZ= 1.61 x 10“4 ft-1b/gauss

K = 1.44 x 10'5 ft-lb/sec/gauss2

The offset angle € is about three times that for Case I, whereas € is a

little better. The vehicle is not as symmetrical as before, but good values
for the inertia ratios are obtained. The magnetic moment coefficients are
somewhat less well determined than in the case examined above and K is still
well determined. On the basis of these results, it is concluded that four
stars per revolution can be used to determine attitude within the required
accuracy.

Case III. - This is the same as Cases | and II, except that two stars per
revolution are assumed.

The principal axis angular errors of Table 7 show large biases. However,
the offset angles are quite large, namely,

.036 deg

€

-.0193 deg,

€
2
and these with corrections (58-60) cause the experimental axes angle errors to

be small at star sighting instants. This is shown, for a few calculated points
along the trajectory, in Table 8. The same conclusion is evident in Figure 52

TABLE 8. - EXTREME ERRORS IN ANGLES RELATING
EXPERIMENTAL AXES TO INERTIAL
SPACE BASED ON A SPOT CHECK OF RESULTS

Ay, arc sec A ¢, arc sec A @, arc sec
Max. l Min, Max. | Min, Max, I Min,
4.2 -12.3 8 -28 3.6 -5.15
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where the pitch angle error alone is shown. Also shown in Figure 52 is a
possible worst case error between star sighting instants. This was derived
by assuming long term variations of the pitch angle error to be within the
error envelope, and then superimposing the solution from (60). In the actual
situation, there are probably compensating effects that lessen the overall
error somewhat. However, these results indicate that two stars per revolu-
tion do not yield sufficient accuracy for the attitude determination problem.

Other results for this case are

A = .83356

C = .83301

M, = 174x 10'3ft-1b/gauss

M, = -9.58 x 1075 ft-1b/ gauss

M = 2.36x 1073 ft-1b/gauss

K = 1.54x 10_5ft-1b—sec/gauss2

The moment of inertia ratios are still well defined, but the other values are
drastically different from those used in the data generating program.

Case IV, - Six stars per revolutions are again assumed, and parameter
values used in the data generating program are:

M_ = M_ = M = 516x10°° ft-1b/gauss
X y z

K = 2.86x 1072t - 1b -sec /gauss®

a, = ag = . 05
The magnetic moment coefficients are a factor of 10 larger than those used
in the previous cases, to correspond with those estimated for the early Tiros
spacecraft. The eddy current coefficient is twice that used previously, and
this is the estimated value based on several satellites. The magnetic field
perturbation is 5 percent instead of the 2 percent of the previous cases.

Table 7 shows the principle axis angular errors obtained. These are seen to
be within bounds, although not as good as the results obtained for Cases I
and II. Angular errors for experimental axes are similar to those of Figure
44 (although somewhat larger), so are not plotted. Other parameter values
are;

€ -. 0031 deg

-.0015 deg

€2
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. 83296

. 83363

-1.56 x 10f5ft-1b/gauss

4.95 x 1072 ft-1b/gauss

2 8 2 a »

1.46 x 10”% ft-1b/gauss

2.96 x 107° ft-lb—sec/gau552

P
I

The offset angles are somewhat larger than those for Case I, and ¢, is better
than that for Case II. The moment of inertia ratios are still good. " The

magnetic moment coefficients are somewhat closer to their actual values, but
still do not represent reasonable estimates of those used to generate the data,

Case V. - This is the same as Case IV, except that the perturbations of
the earth's magnetic field are reversed. Thus,

a; = a, ag = -. 05
Results for this case are shown in Table 7. The errors show a little larger

spread than those of Case IV, but are within bounds, Other parameters ob-
tained are:

e, = -.0031 deg

€y = -.0016 deg

A = ,83291

C = .83368

M, = -3.06 x 10”° ft-1b/gauss

M, = 4.74x 107%  ft-1b/gauss

M, = 1.07 x 1074 ft-1b/gauss

K = 2.75x 1072 ft-lb-sec/gauss2

These compare favorably with those obtained in Case IV, and show how sen-
sitive Mx’ My’ MZ and K are to the magnetic field perturbations.

From the results of Cases IV and V, it is concluded that a wide range of
parameter variations can be tolerated in the vehicle and model with little
effect on the accuracy of the attitude determination (at least at star sighting
instants),
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Summary of Results

The pitch angle, in all cases, was determined better than the { and ¢ angles.
This is due primarily to the greater sensitivity of the starmapper about the
spin axis. The results also showed that the two-star configuration does not
appear to be adequate for the required estimation accuracies. The four star
configuration does provide an adequate estimate. The six-star configuration
provides yet a better estimate of the vehicle state. This is due to the greater
number of data points collected per revolution of the spacecraft,

Conclusions
'Y Feasibility of attitude determination by the method of least squares
is established,
] Four stars per revolution give adequate results, whereas two stars

per revolution are not enough.
. Large parameter variations can be tolerated.

. Numerical integration of the differential equations is too slow,

Additional Work to be Accomplished
o A method for speeding integrations must be found.

° Computer runs to date should be repeated with different noise spans
to determine variance of the results.

° Maximum errors between star sighting intervals should be determined,

° Effects of other model perturbations should be ascertained.

Sun Sighting Results

General. - The first problem to be solved is that of determining which of
the 15 parameters in (34) can be found from observations of the sun. The
approach to this problem is to apply the implicit function theorem to the nor-
mal equations (49), where more than one variable may be made an indepen-
dent variable. According to the implicit function theorem, the matrix of
partial derivatives must be examinated for singularity, and individual ele-
ments of this matrix are expressed as

PHE.y A,y BH,y)
ZH (tk,}’) +Z > i,j=1,...,mSn.

ayl By . layi B!YJ
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If the model and the transit times are perfect, then each H(tk, y), k =1,..., N

is zero. The matrix then reduces to the product G'G, where G is defined
in (42), and where selected columns of G have been omitted since they cor-
respond to the independent variables. If the matrix is nonsingular, then the
normal equations can be solved for the dependent variables in terms of the
set of independent, or omitted, variables,

The raatrix can be examined for singularity in only the simplest of analytic
problems. For the torqued case of interest, the matrix must be examined
numerically. Consequently, a computer program was constructed for this
purpose.

The program starts with the complete 15 x 15 matrix, The vector G'H of
equation (41) is also in memory. An input card specifies the rows and columus
to be deleted. After the matrix and vector have been condensed, the program
performs the four tests described below.

1. The solution to equation (41) is computed. The pivot elements are
output during the Gauss-Jordan reduction as an aid in estimating
which rows (or columns) are dependent.

2, The solution is multiplied by the condensed matrix and compared
with the condensed G'H vector. This indicates the quality of the
solution.

3. The minimum rank of the condensed matrix is determined.

For each numerical operation performed in the Gauss-Jordan reduction, a
parallel calculation of the maximum error in that computation is made and
stored, When the errors in the elements of the working matrix become greater
than or equal to the elements yet to be processed, the reduction is halted,

and the rank is said to be equal to the number of rows (and columns) processed.
The original matrix is assumed to be perfect. A number equivalent to /2

of the least significant bit in the computer is required for the estimate of
roundoff error,

4, The eigenvalues of the symmetric matrix are computed. The
method is a highly accurate one developed by Householder. The
eigenvalues are examined to see if there are any close to zero,
and to see if they are all positive,

A listing of this program is included as Appendix M,

The above program was used at various stages of the development to deter-
mine sets of parameters for the solution. The approach was to generate the
least squares equations for a given slit geometry, and then to examine the

system for several likely cases. The parameter sets were selected from the
results,
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Conclusions from these studies are:

° A single,two-slit sun sensor produces a least squares matrix with a
maximum rank of 12, Thus, 12 variable solutions are possible,

° Two, two-slit sun sensors (4 slits total) produce a least squares
matrix with rank 13. Thus 13 variable solutions are possible,

o One of the initial angles (wo, ¢, or 60) can always be deleted

without reducing the rank of the matrix.

The slit parameters were taken as those of slits 1 and 3 (Table 5) of the
starmapper during runs of the data generating program and the least squares
attitude determination program,

This slit configuration is illustrated in Figure 53, where the vehicle is pictured
as a spherical body.

In Figure 53, the jE axis is the outward normal.
The slits join together on the kn axis. As the vehicle spins about the jE

axis, the sun-line traces the dotted line on the spherical skin of the vehicle.
For the single sun sensor, the field of view is blocked off to the left of the
iE - jE plane. In the four-slit design, the field of view was widened out to

180° so that the sun would cross each slit twice per revolution,

It is recognized that other sun sensor designs may be more practical. The
objective of the studies was to draw conclusions about a geometry that would
carry over to other slit configrations, without necessitating a major re-
programming effort on the data generating program.

Several of the computer experiments performed are described below.

Six ‘variable solutions. - Solutions for six variables were obtained for
th?ee d1ffer"e.nt runs., The initial conditions for these were taken as the ter-
minal conditions for cases IV, V, and II above, respectively. The variables

'
were (wxo, wyo, wzo, 6 My’ M'Z) and the constants (not changed) were

(IPO, ¢y A C, M ,x’ K’ ey 92). Runs extended over 1/2 of the sunlit part

of th‘e half-orbit (see Figure 49), since computer time for the total light
portion would have been excessive.

¥
Table 9 summarizes the extreme differences in principle coordinate angles
for these runs.
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Sun-line projection
on vehicle surface

Slits

Figure 53. Slit Configuration for the Sun Sensor Studies
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TABLE 9. - EXTREME ERRORS IN ANGLES RELATING
EXPERIMENTAL AXES TO INERTIAL SPACE
FOR 6 VARIABLE SOLUTIONS

Ay, arc sec A¢, arc sec A6, arc sec
Star
case Max, Min, Max, [ Min. Max. Min.,
v 2.44 -43, 64 -8.33 -56. 46 -11,54 -31. 65
Vv 12,7 -32.99 12,61 -12,93 17,75 - 1,24
II 45, 83 -41, 55 2.04 -41.59 6.99 -37.94

Two slits were used in Cases IV and V, whereas four slits were assumed for
Case II. It is seen that six variables do not give sufficient freedom to shape

the path to the data, even when four slits are used. It is also significant that the
magnetic moment coefficients, the eddy current coefficient, and the magnetic
field perturbations are smaller for Case Il than they are for either of Case IV
or V.

Twelve and thirteen variable solutions. - Several runs were made assum-
ing the star Case II terminal values to be the starting initial conditions. Four
slits were used, which allowed solutions in terms of 13 variables. The results
are summarized in Table 10 in terms of angular errors in principle coordinates,
All runs except the last one are for 1/2 the sunlit part of the half orbit.

TABLE 10. - EXTREME ERRORS IN ANGLES RELATING
EXPERIMENTAL AXES TO INERTIAL SPACE
FOR 12 AND 13 VARIABLE SOLUTIONS

Variables held Ay, arc sec A ¢, arc sec A B, arc sec
Run fixed Max. | Min. Max. | Min. Max. | Min.
I 1[/0 0. 40 - 0.41 0.41 -0,41 0.08 -0.08
11 wo 10. 21 8. 88 55, 66 54. 47 55, 88 53. 36
II1 zpo 21,39 - 8.05 49, 47 29.76 48, 04 31, 30
v "po’ g 21.52 -15.11 28,07 4.94 27,37 6.82
v 90 15.06 ~-15,05 11,17 -9.19 9.53 -7.26
V1 90 5. 38 - 7.46 -1.79 -9.84 0.40 (-11.58

Run I assumes a perfect model and no noise. It was included to show that a
thirteen variable solution is obtained. Run II is the same run, except that
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the model is no longer perfect. The angular errors have biases, although the
spreads are very small. No explanation for the bias was found. Errors in
angular rates are measured in terms of hundredths of arc second per second.
Run III adds noise to the sun transit times. It is seen that the angular bias
becomes less and that the spread in extremes becomes larger.

In Run IV, angles 1[/0 and ¢O are held fixed. A somewhat better bias is ob-

tained, but a bigger spread is found. Evidently it is best to allow as much
freedom as possible to the least squares process.

Angle 1,[/0 was held fixed in the above runs because an error in this quantity

does not affect the solution for 6 significantly (i.e., is a second-order
error source). In fact, in the no torque case, the effect is to cause a bias in
Y alone, without changing the rest of the solution. However, the constraint
equation H is sensitive to y, so that poor results are obtained, even though
the analytic solution to the no-torque case does not show this effect.

However, the value of 60 is accurately determined from star observations.

Holding this constant should result in more accurate results. Runs V and VI
demonstrate that this is so. Run V extends half way through the daylight
part of the trajectory, whereas Run VI extends all the way. It is seen from
Table 10 that the errors and the spreads in ¥ and ¢ are smaller for the
longer run, Although the spreud in the 6 error isless, the bias is larger
in this case. A further comparison of the two runs is made in Table 11,
Without exception, the parameter values are better for the longer run.

The reason for the better accuracy may well be that twice as much data is
processed to find the solution, resulting in better smoothing characteristics.

TABLE 11. - ADDITIONAL RESULTS FOR RUNS V AND VI

Run € €. A C M M M K

i 2 X y z
Y .0012° L0033 . 83345 .83311 1.01 x 1074 4,48 x 1078 6,76 5 1077 1. 46 X 0°
Vi 0004 . 0006 83323 . 83334 4.51x 107° 4.83 5 107° 2.50 » 1074 Lagx 1070

Figure 54 shows the pitch angle error for the experimental frame over a se-
lected time period for Run VI. Data points are given and the dashed line repre-
resents the limiting values obtained. The data appears to be fairly well bounded
by these curves, as examination of the slopes of the connecting line segments
yields flat slopes (maxima and minima) for at least one set of data.
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CONCLUSIONS

Feasibility is indicated for the sun sensor, from the standpoint of a 13-
variable solution. However, further effort is required to:
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Optimize the sun sensor design

Establish confidence in the results through additional computer
runs

Determine effect on accuracy of more slits
Determine effect of different noise spans on accuracy
Determine effects of larger model perturbations on accuracy

Determine effects of other model perturbations on accuracy




OVERALL CONCILUSIONS AND RECOMMENDATIONS

CONCLUSIONS

The problem of estimating vehicle attitude from starmapper and sun sensor
instrument time pulse measurements was considered. An a posteriori
data processing algorithm was postulated for the solution of thig problem,
since real-time knowledge of precise vehicle attitude is not required. It
was also noted that the interpretation of the instrument measurements in
terms of attitude requires a model for the vehicle motion.

The approach chosen for solution of the attitude determination problem was
the method of least squares. The solution of the model equations of motion
can be expressed in terms of time, the initial conditions, and the model
parameters. The least-squares problem was posed as that of determining
those initial conditions and parameters that best explain the observed se-
quence of starmapper and sun sensor time pulses. An algorithm for the
solution of the problem was derived and programmed for the digital com-
puter. This algorithm has the advantage over other algorithms considered
of being conceptually simple and readily implemented. '

Simulation results show that the least-squares data reduction algorithm is
entirely satisfactory for starmapper observations. It also appears to be
satisfactory for use with the sun sensor data usage concept considered. Com-
puter results for this case are sparse, at present, and more work on the
definition of the sun sensor instrument and data requirements are necessary
to verify this conjecture. In any event, there is no evidence at this time to
justify the use of a more sophisticated algorithm. Thus, retention of the
least-squares data reduction algorithm is recommended for future studies.

The model differential equations of motion cannct be integrated in closed
form, so the Runge-Kutta method was used in the simulation to generate the
solution. The numerical integration process was found to be satisfactory
from the standpoint of accuracy, but it was exceedingly slow. The simulation
program ran about three times real time on the H-1800 computer and a little
faster than real time on the CDC6500 computer. It is evident that some
method must be found to speed the integration of the model equations, or to
approximate the solution with speed and accuracy, before further work is
done.

The available methods for speeding integrations in this problem are closely
tied to the choice of state variables. The coordinate system used in the
simulation was chosen so that the singular point of the differential equations
could be avoided. No simple closed-form solution for the torque-free
problem (surely to be used in the approximation of the solution) is available,
so this coordinate frame and choice of state variables do not lend themselves
to the ready approximation of the solution. On the other hand, the equations
of motion in the usual coordinate frame (in which the inertial z axis is
aligned with the angular momentum vector) have a nice closed-form solution.
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CONCLUSIONS AND RECOMMENDATIONS

Documented in this report are the HDS orbital characteristics and opera-
tions analyses. These studies include mission profile analysis, vehicle
position determination, data acquisition, and attitude determination. The
objectives of the studies were to evaluate parameters pertinent to each
study area and to relate them to the overall system objectives and thereby,
evolve the conceptual design and operational aspects associated with these

areas of the measurement system.,

The mission profile analysis results indicate that a nominally circular,
500-km altitude, sun-synchronous orbit (97,30 degrees inclination) with
initial ascending node at 3:00 p.m. local time and launch date of 28 October
meets the experiment and system requirements, The WTR is recommended
for the launch site, and a 2-stage Improved Delta (DSV-3N) vehicle was
selected as the booster.

In the position determination studies, it was determined that the propagation
and basic tracking measurement errors using the Minitrack system or the
vhf range/rate tracking system were too large to meet the position
accuracy requirements of this program. Based on extrapolations from past
experience, the S-band Range/Range~-Rate system should be capable of pro-
viding sufficient data to give orbit arcs with 3-sigma equivalent tangent
height errors under 100 m exclusive of drag uncertainty. The results of
this study lead to the recommendation that the Range/Range-Rate S-band
tracking system should be used to provide the tracking function for this
program.

The data acquisition study determined that the vhf (136 MHz) STADAN
telemetry link should be used as the primary telemetry link because it pro-
videsthe best ground telemetry coverage and satisfies the data bandwidth
requirements. The tone-digital command system is recommended to provide
the command function. The Range/Range-Rate system is recommended for
a back-up telemetry link since it is used as the primary tracking system and
is therefore, available for telemetry with minor modifications and additions.
Primary stations recommended for telemetry contacts are College, Rosman,
St, Johns, and Winkfield since they provide adequate telemetry coverage

and will permit transmission of the data to GSFC in the least amount of time.

The approach chosen for solution of the attitude determination problem was

the method of least squares for determining those initial conditions and
parameters that best explain the observed sequence of starmapper and sun
sensor time pulses. An algorithm for the solution of the problem was derived
and programmed for the digital computer. Simulation results show the least-
squares data reduction algorithm is entirely satisfactory for starmapper
observations. It also appears satisfactory for the sun sensor data usage con-
cept considered. Computer results for this case are sparse and further effort
on the definition of the sun sensor instrument and data requirements are neces-
sary for verification.
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An approximate solution to the torqued problem is readily obtained. The
difficulty here, however, is that the vehicle operates very close to the
singular point of the differential equations, so that the validity of the approxi-
mation is questionable. It may be that other choices of variables may be
necessary to resolve the approximation problem. Possibilities include
direction cosines, quaternions, and Cayley-Klein parameters.

RECOMMENDA TIONS

The torques used in the simulation program, for the purpose of demonstrating
feasibility, included magnetic moment and eddy current torques. These were
found to be the most significant torquing terms acting on the vehicle. Their
forms do not necessarily represent the actual torques acting on the vehicle,
and more work is necessary in this area to refine the vehicle model. Also,
the effects of flexure on the motion of the vehicle must be ascertained to
determine if this must be considered in the vehicle model. The vehicle was
assumed to be a rigid body in the simulation.

Finally, it was assumed during the study that starmapper time pulses were

matched with stars. In the actual flight this is not so, and some means of
- matching the time pulses with the stars must be provided. This is the
star identification problem (also the pattern recognition problem).

On the basis of the above discussion, it is clear that any prograrr_x leading to
an operational least-squares data reduction algorithm must contain the
following items:

® A method for speeding the integration of the equations of motion
must first be found.
The design of the sun sensor should be established and verified.

A study of the environmental torques acting on the vehicle
should be made to refine the model differential equations of
motion. The effects of flexure should also be ascertained.

A pattern recognition computer program should be developed.

The operational program should be developed and extensively
tested.
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The following recommendations for further study are made:

e Further investigate the position determination accuracy and the
horizon resolution degradation as a function of orbit altitude. The
element of concern here is the drag uncertainty at orbits less than
roughly 900 km and the increased sensitivity to angular errors at
higher altitudes.

° Refine and update the tracking and data acquisition plans as re-
quired when more definitive design specifications become
available,

It is recognized that the first recommendation for further study can be
realized only through the efforts at the GSFC. This improvement in orbit
position accuracy will evolve as work on the total orbit determination
process is carried out at GSFC.
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APPENDIX A
ORBITAL ANALYSIS COMPUTER PROGRAMS
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APPENDIX A
ORBITAL ANALYSIS COMPUTER PROGRAMS

This appendix contains the computer program descriptions, listings, and test
outputs for the programs used in the orbital analysis section of this report,
Included are programs: 1) SHASTA, which evaluates solar illumination and
sun-angle profiles; 2) TECO, SICO and PICO, which simulate tracking and
telemetry coverage for the STADAN stations.,

PROGRAM SHASTA

Purpose

SHASTA computes the angle between the normal-to-orbit-plane vector and the
vector toward the sun, the fraction of time per orbit spent within the earth's
shadow, the local true sun time at ascending node, and the angles between the
normal-to-orbit-plane vector and the vectors toward selected stars, all as a
function of time. Circular orbits and a cylindrical earth shadow are assumed.

Method

Once a near circular orbit of moderate or low altitude is established about
the earth, it tends to remain stationary, with constant inclination relative to
the equator, constant altitude, and constant equatorial crossing point with re-
spect to the stellar frame of reference. The primary disturbing influences
which alter this tendency at altitudes below about 30 000 km are molecular
drag and earth oblateness. At altitudes above 400 to 500 km, molecular drag
becomes almost insignificant, and it is this range which will be considered.

The rate at which the node (equatorial crossing point) of a circular earth orbit
secularly progresses eastward due to earth oblateness can be expressed to
first-order as:

-3.5°/day (A1)

¢ = =-9.9958 cosi(l + h/RE)
where i is orbit inclination (0 < i < 180°), h is orbit altitude, and RE is

the earth's radius., The node, measured from a reference axis in the equator,

isthen Q = Qo + Ot where Qo is the value of time t = 0,

The unit normal to the orbit plane, h, can be expressed in terms of x, y,
and z components as (see Figure Al):
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Orbit plane

Figure Al. Normal-to-Orbit Vector Geometry
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h. = sinisinQ

X
hy = =sinicos (A2)
hZ = cos i
The unit vector toward the sun, s, can be expressed as:
SX = cos GS
Sy = gin Gs cos i {A3)
Sz = gin BS sin 1S

Where GS is the angle from the x-axis to the sun, and ig is the inclination of
the ecliptic to the equator (about 23.5°). The angle between the orbit normal
and the sun vector, s, is then:

B=cos-1lﬁ-§|

The angle Bs can be evaluated from:

6, = M_+2e_sin M_+% e’ sin2M -6 (A4)
where;
Ms = true anomaly of sun
= (Day of year -2) « (21 /365)
eg = eccentricity of sun's orbit (earth's orbit)
= 0,01675104
eso = Value of Gs expression at time of vernal equinox

(0737 hrs. 21 March in 1967)

Similarly, for any star in a direction given by a unit vector é, the angle
between e and the orbit normal is:

A

Bst = Co.q-l I h

D>
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The calculation of shadow time is made by assuming that the earth's shadow
is cylindrical, i.e., no umbra or penumbra distinction. This assumption is
valid for low or moderate altitudes. The projection of the shadow in the orbit
plane is then, in general, an ellipse. The major axis of this ellipse is

a = R.E/ sin 1 (see Figure A2),

The geocentric angle from shadow entry to mid-shadow point, ¥, can be
found by solving for the intersection of the orbit circle with the shadow pro-
jection ellipse, yielding

2 2 .2
v RE -(RE+h) sin™ n

B .2
Rp+h (RE+h)(1 - sin™ n)

sin ¢ = (A5)

The shadow fraction is:

fsh =y

The local sun time at ascending node is given by

24 hr
2m

taN = [tan'l (hy/hx) -T2 - tan™ ! (sy/sx)] .

where the expression in brackets is placed in the range (0, 2m),

Input
The sequence of input data cards for SHASTA is as follows, The first card
is a title card and may contain anything in columns 1 - 80, A case descrip-
tion is best used since this data is printed at the top of the first output sheet.
The second card is an orbit, NST card, with data as follows:

Columns 1 - 3 First three letters of initial month, e.g., MAR for
March

4 -8 Day of initial month (with decimal)
9 - 16 Initial orbit ascending node on the equator, degrees,
(with decimal) with respect to vernal equinox, or with

respect to sun's longitude.

22 - 24 Letters SUN if orbit ascending node is with respect to
sun's longitude, blank otherwise,

25 - 32  Orbit altitude, n.mi, or km (with decimal).

33 - 40 Orbit inclination, deg (with decimal).
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41-48 Time increment of output, days (with decimal).
49-56 Total length of time, days (with decimal),

57-82 Letters METRIC if altitude is in km., blank if
altitude is in n.mi. (any characters other than
blanks are equivalent to METRIC),

79-80 Number of star cards which follow (maximum of 10)
(no decimal), e.g. if three star cards follow, 03
is punched in 79-80. May be blank if no star cards
follow.

The third card will be a star card if columns 79-80 are not blank or zero in
card 2. The format of each star card is as follows:

Columns 1 -12 Name or description.
17-24 Star right ascension, deg (with decimal),
25-32 Star declination, deg (with decimal).
After the appropriate number of star cards (zero to ten possible), a new title
card may follow, etc. Any number of such new cases may be run sequentially,
The last two cards, after all data, should be blank, terminating the run by
sensing an orbit altitude less than 1,0 units.
The time increment in days determines the resolution of the output data. For
orbits which are near polar, a 5-day step may be appropriate; for moderate
inclinations, a smaller step size should be used, since orbit precession,
Equation (Al), approaches 10°/day for low inclinations. The total time may
be any value; generally a year (365.0 days) is adequate.
Output
The program output is shown in Table Al for a sample case. The top of the
first page lists the input data plus some auxiliary parameters. "HORIZON
DIP" is the angle between local horizontal at the satellite and the earth's
horizon. The output tables are virtually self-explanatory. The "DAYS" are
measured from the initial date, angles are given in degrees.
Computer Requirements
1. Compiler language: Fortran IV

2. Memory requirement: 2245 words

3. Tape units: Common input 5
Common output 9
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SHASTA TFST

INITIAL DATE
INITIAL AgC, NnDF
ORBIT A TITUDE
ORBIT INCLINATION
TIME INCREMENT

HORIZON D1P
NODAL PRECESSION
PERION

STAR 1 TWINKLE
STAR 2 LITTLF §

SHADOW
DAYS FRACTION
»0 .3210
$.0 .3210
10,0 L3218
15.0 .3224
20,0 . 3234
25,0 L3251
30,0 <3267
35,0 .1235%
47,0 . 3393
4%,0 .3320
50,0 .2337
55,0 .3353
60,0 23368
65,0 . 33381
70,0 3372
75.90 3402
80,0 .3410
85,0 3416
90,0 03420
95,0 23423
107.0 3424
105,0 23424
110,90 03422
115,0 3420
120,90 .3417

139,0 3411

135,0 . 3408
140,0 .3406
14%,0 «3404

TABLE Al. - SHASTA TEST CASE

L 2 3
CASE
= NCY 28,0
= 45,0 DEG REL
2 ‘00'0 KM.
= 97,38 DEG
= 5,00 DAYS
= 22.0 DEG
= <99 UEG/DAY
-1 04.6 MIN
RT. AsC,
TAR RT, ASC,
ASC NONE ANGLE
LOC TIME Suit
14:59 44,6
151 U 44,6
1%, 0 44.7
lags9 45,0
14359 45,4
14353 45,38
14150 46,3
13:54 46,8
la:s2 47,4
14850 48'0
lagas AB .6
14145 49,2
14:43 49,7
14!40 50.2
13:338 $0,7
14:135% 51,1
143134 51,4
14333 51,6
143l 51.8
14139 51.9
14130 =‘2.'J
14;:29 52,0
14329 51,9
14:30 Rl,8
14!30 5107
la131 51,6
14!32 5104
14134 51,3
14:35 sl,2
14'37 Slel

S HASTA

TO S

2

uUN POS,

70,0 NEG
93,0 0r6

%+ o

DECL.
DeECL,

FROM ORBIT NORMAL TO!

ST 1

93.3
90l
B6e9
336
80e3
770
737
70«4
672
640l
6l1a0
5840
55e2
52¢9%5
4949
477
4546
439
42¢%
4144
408
406
408
4] <5
4246
4440
458
4748
S0l
527

ST 2

78.5%
82.9
87.1
91.7
96.1
100,6
105,
109,5
114.1°
118,5%
122,.9
127.2
131,7
136.7
140,3
144,24
148,1
152,2
155.¢
15846 .
16049
162,2
16243
161,1
156,1
1%2.7
1“8-9
145,0
140.R

)

s .48;0 nEG

25,0 DES

147



TABLE Al,

DAYS FRACTION

150,0
155,0
167,0
165.0
170,0
175,0
180,90
185,0
10,0
195,0
200,0
?20%,0
210,90
215,0
?220,0
22%.0
230,0
235,0
240,0
24%5,0
257.0
255,0
269,0
265,90
270,0
275.0
280,0
.285,0
290,n
295,0
300,0
105,0
310,0
315,0
320,0
325,0
330,0
339,0
340.0
24%,0
350,0
355,10
360.0
5,0
377,0
THE CLOCK

148

SHADNW

.3404
.3404
.3406
L3410
, 3415
L3422
L3429
.3438
L3448
L3458
L3468
.3479
.3489
.3498
3507
L3515
.3521
,3527
.3530
.3533
.3534
.3533
,3530
.3525
.3519
L3511
.3500
,3488
L3474
.3458
.3439
L3419
.3398
.3375
.3351
.3327
.3303
<3290
.3259
.3240
.3224
L3211
.3293

#3196
3270

ASC NODE
LOC TIME

14338
14340
lag4l
14:43
lasagqy
14445
las4o
14:47
1449
14143
14:438
14348
14348
14:47
lagao
14:45
14:44
14:43
14142
lasa
14:40
14139
14139
lag3s8
14,38
14138
14138
14:39
14340
14:41
la:42
1443
14:45
1440
14148
14550
14:52
lassy
14:55
1487
la:s3
la:59

1%

15:
1%

SFZ 40755 AT

0

i
1

AMGLE
S

45,7
46,0
45,4
25,0
44,6
44,4
44,3
44,3

FILTER 1 0AD

FroM nNRBIT
ST 1 ST ?
55'4 !360‘\
61e¢2 127.9
6705 119.1
74.0 110,)
77.2 105n7
8005 1010?
B3+8 96,7
87.1 9201
90¢4 8749
93.6 83,5
96.7 79,1
99-3 74.%

1028 70.5

105¢7 66473

10805 62,7

1111 58,)

113+6 58,7

11549 50,5

1179 46,9

119!8 4305

121.3 40,5

122.6 37.%

12346 35,4

124.3 33,9

12448 32.%

12446 32,4

12442 32.7

123.5 33,7

122.5 35.3

12142 37.%

11906 40.1

117'7 43.1

11547 46,5

113,4 S0,.N

1109 53.7

loge2 57.6

1055 61,7

10246 65"
995 70,0
96¢5 T4.?
93.3 TR.A
9Ne]l B2.0

TiME,

- SHASTA TEST CASE - Concluded

MORMAL TO:



4.

5,

Subroutines:

Library:

None

ALOG logarithm to base e

EXP exponential
COs cosine

SIN sine

ABS absolute value

ATAN arctangent
SQRT square root
AMOD remaindering

Definition of Variables

Fixed-point single variables, -~

I
IHR
IM

IUNIT

JC
MINS
NLN
NST
NSTP
NTS

loop counter
integer number of hours local time at ascending node
month of year (1~12) in which launch occurs

indicator for metric or British units (IUNIT - 1 implies
British, IUNIT = 2 implies metric).

loop counter

fractional part of ascending node local time in minutes
line counter for page output

number of stars in present case

total number of days for which output is to be generated

NST +1

Floating-point single variables, --

BLANK
SAN
DTR
RTD

five blank alphanumeric characters
three alphanumeric characters: SUN
degrees~-to-radian conversion

radians-to-degree conversion
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PI 3.1415926536

AM three alphanumeric characters specifying launch month
(e.g. JAN: January)

DA day of month in which launch occurs

OMED launch ascending node with respect to vernal equinox,
or with respect to sun's longitude, degrees

REF three alphanumeric characters specifying reference for
launch ascending node

H orbit altitude, n.mi, or km

AD orbit inclination, deg

STEP output time step, days

SPAN  total length of time, launch-to-end, days

UNIT indicator which specifies metric units for distances if not
blank on input

RE radius of earth, n.mi. or km
OMEG ascending node at launch, radians
Al orbit inclination, radians

XAB cumulative day counter, integral number of months,
in determining day of year

D day of year (from 0 Jan.) on which launch occurs
SM orbital mean anomaly of sun

STH sun's in-ecliptic angle from vernal equinox, radians
SX X-component of sun's position

SY Y-component of sun's position

SZ Z-component of sun's position

SMEG  sun's right ascension, radians
VND orbit ascending node, radians

DY day of year (from 0 Jan,)
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ODOT
ODOTR
DVND
DIP
TEE
TEA
SNAI

HZ

HY
AHSR
AHS
FRSH

PSI
TIAN
SRE
D2
Arrays, =-
SRA(10)
SDE(10)
STX(10)
STY(10)

STZ(10)

orbit period, minutes
eastward orbit nodal precession, degrees/day
eastward orbit nodal precession, radians/day

eastward orbit nodal precession, radians/time-step

angle from local horizontal at satellite to earth horizon, drg

temporary output variable, star declination, deg
temporary output variable, star right ascension, deg

sine of orbit inclination

cosine of orbit inclination = Z-component of orbit-normal

X=component of orbit-normal

Y-component of orbit-normal

fi. § = cosine of orbit-normal/sun-line angle
absolute value of AHSR

shadow fraction

X-component of shadow/orbit intersection point
Y-component of shadow/orbit intersection point
arctangent (Y/X)

right ascension of orbit-normal, deg

sun's right ascension, deg

DY-D = days after launch

star right ascension
star declinations

X-component of star
Y-component of star

Z~-component ot star
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TAB(12) code names for months [e.g. JAN for TAB(1) ]

DAB(12) number of days in month [31,0 for DAB(1) ]

TTL(20) alphanumeric title information for output header
HDR(11) alphanumeric column header for output
SH(10) currently unused

BEGA(11) angles between orbit-normal and star-line
(BETA(1l) corresponds to sun)

ZS(10) absolute value of ZSR

ZSR(10) R - é = cosine of orbit-normal/star-line angle
SNMI(10) first part of alphanumeric star name

SNMZ(10) second part of alphanumeric star name

UN(2) alphanumeric constants, n,mi. and km

RET(2) earth radius values, 3443,9 and 6378,2

Program Listing

See Table A2,

PROGRAM TECO

Purpose

TECO computes the visibility time periods, above specified minimum eleva-
tion, at each of up to 15 ground stations as a function of orbit ascending node
longitude for a spacecraft in a circular orbit. The maximum single station
time and total of times for all stations is printed for each nodal longitude.
The average visibility time, over all the nodal longitudes used, is computed
for each station after nodal longitudes from 0° to 360° have been covered.

Method

The TECO model is based on the following simplifying assumptions:
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TABLE A2. - AUTOMATH 1800 SOURCE PROGRAM
LISTING - SHASTA

AUTOMATH 1800 SOURCE PROGrRAM {ISTING

IFN EFN PROGRAM: SHASTA JoB3 RALTES

0001} DIMENSION SRAC10YeSDE(IN) 9STX(10) «STY(10)+STT(10)+sTAR(L2) oNAR(12)
2 TYL(?0)oHNR(11)oSH(L10) sRETA(11)4ZS(10) 9SNMLI{10) 9SNM2(10)

0002 DIMENSION UN(2),RET(2)+2ZSR(10)

0003 9 FORMAT (2044)

0004 19 FORMAT (A3,F%e0,EBe)a5XeA3eaFB, 10A5¢17X412)

0005 172 FORMAT (2AR448K,2E8,1)

0006 1R FORMAT (A3H TLLEGAL,MISSING.OR MISPLACED INITIAL MNANTH )

0007 20 FORMATI(IHLI30X,28H® & o SHASTA o o o /7 20484 7/ )

0010 21 FOOMAT (1X,21HINITIAL DATE = 4yA3,y FS,.1 )

0011 23 FORMAT (1X420HINITIAL ASCe NODE = +F6,1,21H DFG RFL TO VERNAL FQ)

00}? 25 FORMAT (1X,20HINITIAL ASCe NODE = 4F6,1420H DEG RFL TN SUN pOS.)

00113 24 FORMAT (1X,20HORBIT ALTITUDE 2 oFB84lelXeAS /1Xs2nKH0RBT
YT INCLINATION = ,Féele4H DEG 7/ 1Xy 20HTIME INCRFMENT = JF6,2,
2 54 JAYS /7 1X411HHNRIZNN DiPyBX,1H=4FS,1,4H DgGsyY,POHNNODAL PRFCE
38510N = F6es248H DEG/NAY/1XagHPERIODG13X91H=,F7,1.8 MIN 2/ )

0014 2R FOPMAT(1IX95HSTAR 41242X¢2A644X,11H RTs ASCe = ,F7.1,
1 1an DEG DECL. = ¢F6.1,44% DER)

nols 31 FURMAT (1H1+,9X,4THSHADDY ASC NODE ANGLE FRoM OPBIT NORMAL Tnt
1 /26H MNAYS FRACTION 1nC TIME » 3Xel146)

0016 40 FORPMAT (F6.19r9;40!6vlﬁl.1204x'11F604)

0017 55 roeMAT (1HQ)

nQ2n 56 FURMAT (1H%5.0X,4THSHADOW ASC NODE ANGLE FROM 0PHIT NORMAL Ton!
1 /264 DAYS FRACTION 1nC TIME , 3Xelldeg)

0021 DATA (TAB(I)4DAR{IYel = 1412} / 3HJANG31,D43HFFEB, 2R, 04 3HMAR, 31,1,

1 3HAPRG30,0,34MAY431.0,2HJUNG30.043HJUL431.0,34AU6431.043H48FP,
? 20,003H0CT¢31,043HNOV.2040+3HDECH 3140 /

0022 DATA (HDR(1)s I= 1ell) /7 6H SUN +pH ST 1 +6H ST 2 46H ST 3 4¢H ST
1 4 y6H ST 5 ,6H ST 6 464 ST 7 ,6H ST 8 46H ST 9 .64 ST 10 /

0023 RLANK = SH

0n2a SAN = 34SUN

0025 DTR = 0,0174532925

0026 RTN = 57,295779513

0027 UN(L) = sHNGMI,

0030 Hd(2) = SHKM,

0031 RET(1) = 344349

0032 RET(?) = 637R.2

0033 PI = 3,141592553¢

0034 45 READ (591 (TTL(I)s1 = 1,20}

0035 TUNIT = 2

0036 READ (5410) AMN,DAGOMEDOEF oHeADsSTEPSPANJUNITINST

0037 1F (UNIT «EQ, RLANK) TUMIT = 1

0040 RE = RET(IUNIT)

0041 1F (H 6T, 1,0) GO TO 13

0042 sTnp 1

0042 13 IF (NST ,EqQ. 0) Gp TO I

0nag READ (5912) (SNML(I)oSNM2(IYoSRA(TI)+SOE(1)y I = 14NST)

0045 pn 14 1 = 1,NST

0046 SUF(1) = SDE(I) # DTR

0nav skRaA (1) = Sma(l) ¢ DTR

0050 STY(1)= COs(SDF (1)) & CNS(SRA(I)

0051 STY(1)= COS(SUE(I)) ® SIMISRA(I))
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1FN

0057
0053
0054
005s
0054
0057
0060
0061
nN0s?2
0063
0064
006%
0nNé66
0067
0nTo0
0071
0072
0073
0074
0075
anT4
0077
0100
0101
olo?
0103
0104
plos
0106
0107
0110

0111
0112

0111
0114
0l1s
0116
0117
0120
0121
6l2?2
0123
0124
0l2s
0126
0127
0130
0131
0132
0133
0134
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TABLE A2, - AUTOMATH 1800 SOURCE PROGRAM

Y
Lt~ 4

14
15

17

50

24

51
27

LISTING - SHASTA - Continued

AUTOMATH 1800 SOURCE  PROGRAW | 1STING
DROGPAMS:  SHASTA JNR1 RALTES

§T7(1)= SIN(SJE(IN)

CUMTINUE

OMEG = OMED e DTR

Al = AN & nTR

xar = 0.0

Do 1% 1 = 1412

1F (AMN  nNg. TAR(T)Y GO T3 16
D = YAR + nj

1= !

Gu TN 17

XAR = XAR ¢ DAR(I)

CUMTINUE

WRITF (9,18)

sTAp 17

&M = (N <« 240) o 0,0172n02

§TH = SMs0,03350218SIN(SM)+3,5074668F=44GIN(2,0%eM)=1.2800]1¢

§x = CAS(STH)
SY = SIN(STHY = D0,91744
S/ = S5Y ®# 0,43347

1F (ABS(SX) LT, 1,0E=") 5x = 1,0F=8
SMFG = ATAN({SY/8X)

IF (SX GE, Ne0)Y GO TO SS9

SMEG = SMEG « P

1F (REF LNF. SAN) Gn TN 19

aMrGg = NMES & SMEG

NSTP SPAN/STEP +1,.,0
VNN = OMFG
ny = I

P = 34449 a((H 4, RE)/REY&®],5

0HNNT = = 9,9658 # £AS(ATY / (1,0 « H/RE) ## 3,5
on0TR = NBOT ¥ nTR

nvup = NONOTRe STEP

Nie = ATAN (SQART (1,40 « (RE/(RE + H))®##2) /(RE/(RE+H))) #RTN
WRITE (9420) (TTL(I)s 1= 1e20)

WRITE (9421) AMNeDA

IF (REF .EQ. SAN) 69 Tn 22

WRTTE (94+23) OMFD

60 TN 24

WRITE (9,25) OMfD

WRYTE (9426) HyUN{IUNIT) ,AD,STEP,DIP40DNT,P
IF (NST LEQ. 0) GO TO 27

DO 51 1 = 14NST

TFE = SDE(1) © RTD

TEA = SRA(1) @ oTD

WHTTE (Qe28) 148NMI(1)4anM2(1)4TEALTEE
COMTTNUE

NTS = NST + )

SNAL = SIN(A!D)

H = COS(AT)

WRITE(9,56) (HNR({D)y I = lanT9)

WRTITE(9,55)




IFN

013%
0136
0137
0140
014
0142
0143
0lag
0145
0146
0147
01%0
0151
0152
01%3
0154
0155
0156
0157
0160
0161
0le2
0163
0164
0165
0166
0167
017"
0171
0172
0173
0174
017%
0176
0177
0200
0201
0207
0201
0204
0205
n206
0207
0210
0211
0212
0211
0214
0215%
0216
0217
0220

TABLE A2, - AUTOMATH 1800 SOURCE PROGRAM

33

61

én

34

s

3n

LISTING - SHASTA - Concluded

AUTOMATYH 1830 SOURCE PROGRAM |ISTING
PROGRAMS SHASTA JORs RALTES

NEMN = 19 + NST
N0 3% JC= 1,N3TP
SM = (Dy » 2,0) # 0,0

17202
STH = SMe0, 0335021°SIN (au)

SX = CNS{STH)Y
SY = SIN(STH) © 0,91744
§Z = SY © 0,483347

HX =SNAI®SIN(VND)

HY =<SNAT®COS(yND)

AHSR = (HXaSX+HY®SY+HZoe7)

AHS = ABS(AMSR)

FRSH = 0,0

IF (AHS JGEL(RE/(RE+H))) GO 1O 33

Y -sQQT((REDOE «AHS@AHSO (RE4H) 0 (RESH) I /(140 = AHSOAHS))

X zSART((RE+H) B (RE«H) =YaY)

PST = ATAN(Y/X)

FRSH = PSI/P]

TIAN = ATAN(MY/HX) # RTDN

IF (HX LT, 0¢0)TIAN = YIAN o 180.0

SRF = ATAN(SY/Sx) & RTD

1F (SX oLTs O000ISRE = SRF + 183.0

TIAN = (TIAN = SRE « 90en) o 0,0665666667

IF ((TIAN ,GFe 040) LAMN, (TIAN ,LE. 24.0)) GO Tp 0
TF (TIAN oLTs 040) TIAN = TIAN + 24,V

1F (TIAN +67, 2440) TIAM = TIAN = 24.0

60 T A}

THR = TIAN

MINS = AMOD(TIANY1,0) & g0en

BRETA(L) = 90,0

1IF (AdS o LT, 0.,0000001) 60 TO 34

BEYA(L) = ATAN(SQRT{(1.0 - AHS®AHS)/AHS) @ RTD

1¥F (AHSR +L T, 0.0) BETA(1) = 1R0.0 - BETA(])

DO 35 I = 14NST

75P (1) = (HXeSTX(I)+HYSSTY(1)eHZOSTZ(]))

28t1)y = ABS (7SR (1))

BEYA(I+l) = 90,0

IF (ZS(1) +LYe 040000001) Go Tpn 35

BETA{I+1) = ATAN(SQRT(l.n = 25(1)*78(1))/25(1)) & oyn
IF (ISR(1) LT, 040) BETA(I41) = 1R0,0 =« BETA(14])
CONTINUE

ne = DY = p

WRITE (9440) U2,FRSH,1HR, MINS, (BETA(1), I = |4NTS)
NLN = NN & 1

VNR = VNN & DVYND

ny = 0Y + ST¢P

IF (NLN JLEe 50) GO TO 3p

WRITE (9431) (HRR(1)s I = 1.NTS)

WRITE(9,55)

NLY =]

CONTINUE

GO TN A% .

END

+345074668E=805IN(2,095M)=1,3800]11¢
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® Orbits are circular and a spherical earth model is used.
e Earth rotation during a station pass is neglected.

e Coverage at any station is independent of azimuth and exists whenever
the spacecraft line-of-sight exceeds the minimum value.

To establish the geometry of station coverage, a coordinate system is defined
with the x-y plane in the equator and the x-axis toward the orbit ascending
node (see Figure A3).

The unit vector along the orbital angular momentum vector is h, the unit
vector toward the station is &. If the station north latitude is denoted as

A, and cast longitude as ¢_, and the east longitude of the x-axis as ¢ (the
x=axis is fixed in the earth and at the location where the sattelite crosses the
equator going north) then

h, = 0 S, = cos N cos(¢s-¢)
hy = -gini sy = cos \g sin (g - 9) (A6)
h, = cosi s_ = sinA\

Z z S

where i is the orbit inclination, 0 <i < 180 deg

If the angle between the orbit plane (defined at time of equatorial crossing)
and the § vector is denoted as & , then

| Sin'-1 (fl . %)[

(]
I

(AT)

6 = ]Sin-1 sin X cos i = oS\ sinisin(¢s—¢) !

The angle & determines the visibility time for the station. However, it must
be remembered that the xyz frame rotates with the earth and, thus, the h
vector has moved slightly by the time the satellite approaches the station.
This means that the angle ¢ has increased. In order to correct for this,

find the projection of the % vector in the orbit plane (defined at time of equa-
torial crossing) and denote the unit vector along the projection as t:

~_ (hxs)xh
k [(hxs)xhi (A8)

The angle from equatorial crossing to closest approach to the station in the
original orbit plane, 6, is found from
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>

// Orbit plane

/N
s, toward station

W) -y

/N . . A\,
t, projection of s in
orbit plane

X, ascending node.

Figure A3. Station/Orbit Plane Geometry
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cos b = t.i =1t (0<cB < 1)

X
(A9)
ift- k<0, setfto(2m-6)]
The time required to traverse this angle is
_ 6
T = —2-1_? (Al 0)

where P is the orbit period. The angle ¢ changes to a corrected value
b in this time where

- 21 (1)
$c = ¢ ¥ [sidereal day (A11)

If we replace the original nodal longitude; ¢, by ¢ .in equation (A7), a much
closer approximation to the actual pass distance resfilts.

The maximum value of g at which the satellite is visible is ¢ _, which can
be shown to be m

R
_ -1 E
Om /2 - e - sin [———RE+h cos e]

where e is the minimum elevation angle at the station, RE is the earth

radius, and h is satellite altitude. It can also be shown that the visibility
time is then:

P -1 .

j? cos (coscm/coso) 1fc<cm
T =

‘lo if 620,

The orbit period, P, is given by
P = 84.49 (1 + h/RE)3/2 minutes

Input

The sequence of input data (cards) for TECO is as follows. The first card
must be a NAME card (letters NAME in columns 1 - 4), The second card
may have any descriptive material punched in columns 1 - 80 which will be
used as a title on output. The third card has the number of stations (NST) in
the current case (maximum 15) punched in columns 1 - 2 (e, g., six stations
would be 06 in columns 1 - 2). Following this card should be NST station
cards, each punched as follows:
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Columns 1 -12 Station name
17 - 24 North latitude, degree (with decimal)
25 - 32  East longitude, degree (with decimal)
33 - 40 Minimum elevation for station, degree (with decimal)

The next card must be an ORBT card (letters ORBT in columns 1 - 4), Fol-
lowing this is a card describing the orbit parameters as follows:

Columns 1 - 8 Orbit altitude, nautical mi. or km (with decimal)
9 - 16 Orbit inclination, degree (with decimal)
17 - 24 Nodal longitude step size, degree (with decimal)

25 - 32 Minimum elevation for all stations, degree
(with decimal)

33 - 38 Letters METRIC if altitude was given in km, blank
if in nautical miles (any characters other than
blanks are equivalent to METRIC),

41 - 48 Fractional increase in earth radius for refraction
correction (with decimal).

The refraction correction can be left blank; this amounts to no correction.

On the other hand, if the "'4/3 earth radius' rule-of-thumb correction is
applied, then the fractional increase (0. 3333) should be punched in the col.

41 - 48 field. The effect of this correction is to '""flatten" the earth and in-
crease the visibility range of a station. It does not affect orbit computations,

Minimum elevation data can be supplied with each station and/or with orbit
data. For each station, the largest minimum elevation (of those supplied by
station card and by orbit data card) is used.

Following this card, there may be another ORBT card and a card with more
orbit data which is applied to the same set of station data. There may be any
number of such (ORBT, orbit data) card pairs. Occurrence of another NAME
card indicates that prior data will no longer be used, and the foregoing se-
quence of cards is repeated for a new case. Occurrence of a STOP card
(letters STOP in columns 1 - 4) after an orbit data card indicates end-of~data
and causes the program to stop.

The nodal longitude step size determines the amount of tabular output, A 10°
step size means that nodal longitudes of 0, 10, 20, ..... ., 360° will be eval-
uated. For best resolution, it is recommended that a step size of 5° or less

be used.
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Output
The program output format is shown in Table A3 for a sample case. The

first page essentially lists the input data plus some auxiliary parameters.

"MAX. ARC RANGE VISIBLE (DEG)" is just the angle ¢ _  and "MAX.
DIST (KM) is the slant range to the satellite at the limiting case (¢ = cm).

The second (and following pages if necessary) list the visibility times at each
station for each nodal longitude. The "MAX'" and "TOTAL" columns list the
maximum visibility time and sum of visibility times, respectively, over all
stations for the given nodal longitude, The '"AVERAGES' row at the bottom
of the last page is just that, namely, the averages for each of the columns
above,

Computer Requirements
1. Compiler language: FortranIV

2. Memory requirement: 1796 words

3. Tape units: common input 5

common output 9
4, Subroutines: none
5. Library: ALOG logarithm to the base e
EXP exponential
COS cosine
SIN sine
SQRT square root
ATAN arctangent

ABS absolute value

Definition of Variables

Fixed~-point single variables. -~

J loop counter
I loop counter
[UUNTT  indicator which specifies units for distance (IUNIT =1

implies n. mi,, IUNIT = 2 implies km )

160




TABLE A3. - TECO TEST CASE

TECH TEST CASE

STATION 1 COILEGE
STATION 2 FT, MYERS
STATION 3 JOHANHNESBURSG
STATION 4 LIMA

STATION S5 ORRORAL
STATION 6 QUITO
STATINN 7 ST, JOHNS
STATION 8 SANTIAGD
STATION 9 WINKFIELD
ORBIT Al T= 500.0 KM,

ORBI1T INCL= 97,38 MNEG.

NODAL LONGITUDE STEP SIZE=

ORRIT PERIND=

NORTH
NORTH
NORTH
NARTH
NORTH
NORTH
NORTH
NORTH
NORTH

5.00

Q94462 MINUTES

LAT= 64,90
LATs 26,50
LAT==25,90
LAT==11,80
LAT=z+35,60
LAT8 '-60
LAT= 47,70
LAT==33,20
LAT= 51.50

nEG,

neeG
NEG
DgS
DfG
NEG
PEG
lal ]
“EG
DEG

EAST
EASY
EAST
EAST
EASY
EAST
EAST
EAST
EAST

LONG.=
LONG,=
LONG.=
LoNG.’
LONGQS
LONG.=
LONG.=
LONG,=
LONG.=

212.10
278,10

27.70
282,80
1‘5190
281,40
307,39
289,30
359,30

FARTH RANINS= 33,3 PFRCFNT OVER ACTHAL (REFRACTINN CORRECTION)

STATION  MAX, ARC RANGE VISIRLE(DESG)

O 00~ PR D W) -

19.73
19.73
19.73
19.73
1973
19.73
19.73
19.73
19073

MAX .,

nISTQKMo

2331.3
2331,3
2331,
2331.3
233143
2331,3
2331,3
2331,.3
2331,

De6
DEG
OFG
DEG
DEG
DrG
NFG
DEG
DrG

MIN

MIN

MIN
MIN
MIN
MIN
MIN
MIN
MIN

ELEVE
ELEve
ELEv=

'ELEVI

ELEva
ELEvs
ELEv=
ELfys
ELEvs

%,00
%5.00
5,00
5,00
50Q0
%5en0
5.00
5,00
5,00

Des
DEG
DEG
DEG
DEG
DEG
DFG
DEG
DEG
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TABLE A3, - TECO TEST CASE - Continued

E.LONG OF TIME ABOVE MIN ELEVATION N MINNTESR

ASC, NODF 1 2 3 4 5 6 7 8 9 Ma X INTAL
00 10,27 o0 10,31 .00 N0 L00 .0n «00 10,24 10,31 30.77
5.00 10435 00 10,32 .00 00 ,00 «0n .00 10,37 10,37 31.02?
10,00 1037 L0000 3.74 .00 «00 .00 0N .00 10,27 10,37 30.37
15,00 10,28 .00 8.50 .00 «N0 .00 .00 .00 9,92 10,2n 28,70
20400 10,08 .00 6.1a « 09 0N .00 .00 «00 9,32 10,0hr 25,54
25,00 9,75 .0n 00 .00 .00 .00 .00 .00 8,83 9,75 18,18
30,00 9,27 .0n .00 . N0 .00 .00 .00 L00 T.1T 9.27 le.42
35.00 8462 .00 « 00 .00 .00 .00 .00 «00 5.34 8.6% 13.96
40,00 7077 .00 00 . N0 .00 .00 .00 W00 1.6R 7,77 9.4%
45,N0 6065 L an «9n .00 00 .02 .00 .00 00 6,.6% 6465
50,00 S5eNA La0 +00 .00 «00 .00 .00 «00 «00 5,08 5,08
55.00 2.39 .0n .an .00 «00 .00 .00 «00 ,00 2,39 2.39
6000 + 00 JuUn «00 .00 «0N0 .00 .00 « 00 «NO .0N 00
65,00 N0 5,17 0N JU0 .00 .No .00 N0 N0 5,13 5,13
70.00 00 T.94 «0" 00 «00 62 .00 200 N0 7,98 8456
7%.00 «00 9,47 .00 5,83 .00 7,00 .00 200 W00 9,47 22,26
80,00 N0 10,17 0N 8,48 «00 9,08 2,47 5,58 SN0 10.17.35,77
BS.N0 .00 10,37 00 9,79 +00 10,09 3.93 8,05 W00 10,37 44,23
90,00 .00 17,08 .00 10,33 0N 1037 7,74 9.4l ,00 10,37 47,90
95,00 N0 9,13 .N0 10,28 .00 17,00 8,94 10,14 «N0 10,28 48,4%
100,00 00 7007 .00 9,51 4,23 #,89 9,73 10,37 .00 10,37 50,11
105,0n 00 3,64 N0 7,94 7,30 6,62 10,20 10,17 .N0 10,20 45,86
110,00 o 00 .00 00 A, 66 8493 .00 10,37 9,49 200 10,37 33,46
115,00 00 .01 + 00 .00 9,88 .00 10,26 8,24 00 10,26 28,37
120,n0 .00 .0n .00 .N0 10,32 .00 9,84 6405 .00 10,32 26420
125.00 «00 .00 «0 .00 10,32 .00 9,06 # 00 .00 13,32 19,38
130,00 $ 00 .0n o N0 .70 9.88 L00 7,81 00 4,26 9,88 21.95
135,00 +00 L « 00 .00 8,91 W00 5,77 .00 &,%2 8.91 21.20
140,n0 «00 N0 .00 L0 Te19 .00 .00 «00 7498 7,97 15,16
145,090 .00 Lun «N0 .00 3,72 .on .00 .00 9,01 9,01 12,73
150,00 00 .0n <00 .00 200 .00 N0 +00 9,72 9,72 9.72
155.00 W00 .00 « 00 .00 200 .00 .00 .00 10,16 10,14 10,416
160400 00 N 00 .00 » 00 .00 «00 « 00 10036 10,34 1ne36
165,00 N0 U0 0N 00 N0 .00 .00 +00 10,32 10,32 10,32
170,00 «00 .un 0o .00 .00 .00 .00 .00 10,02 10,02 10,02
175.00 «00 .0n «00 .00 «00 .00 .00 «00 9,43 9,43 9,43
180,N0 a.la LN 62 .00 .00 .00 .00 +00 8,839 B8_49 18,84
18%,00 feN2 L00 8,.5! .00 .00 .00 L0N 200 T.06 R.51 21.58
190,00 7.30 .00 9,73 .00 .00 .00 .00 .00 4,70 9,73 21,73
198,00 Re?6 L00 10,29 ] 200 .00 .00 200 400 10,29 18,5%
200,00 B+99 .0 10432 .00 «00 .09 .00 200 «00 10,37 19.31
205,00 9.54 .00 9.83 .00 $ 00 .00 .00 .00 WN0 9,83 19,37
219,00 9494 AN RLT2 .00 «00 .00 .00 « 00 00 9,94 18,66
215,00 1020 .00 6e69 ;00 «00 .00 +00 »00 .00 10;20 16.89
220,00 10,34 0N 1,45 .00 .00 .00 .N0 .00 .00 10,34 11,80
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E«LONG nF
ASC, NODE

22%,00
230,00
23%,00
240,00
24%,00
250,00
25%,00
260,00
26%,00
270,00
275,00
280,00
2R5,00
290,00
29%,00
300,00
305,00
310,00
315,00
320,00
32%,90
330,00
335,00
340,00
335,10
350,00
355,00
360,00

AVERAGES

TABLE A3. - TECO TEST CASE - Concluded

1

10,37
10,230
10,12
9,86
9,51
9,08
8'59
A.04
T7.85
6,84
6e23
5«17
4,81
4465
4,70
4496
5438
%092
he51
713
Te74
8431
BeR4
9430
9469
10.00
10,22
10,38

5.28

TIME AROVE MIN ELEVATION IN M{w;TEg
5

2 3 4 6
.00 «00 .00 «00 .00
.0n «00 .00 00,00
Jun « 00 .00 00 ,00
.00 00 3,95% .00 442
.0n L00 7,70 00 7.92
.0n 00 9,41 .00 9,54
.0n «00 10,21 .00 10,27

4,39 200 10,35 ,00 10,31
7.05 00 9,85 00 9,69
9.27 .00 8,58 .00 =2.23

10,11 «N0 6,01 s00 %,20

10,37 000 .00 .00 .00

10,12 +00 .00 20N L,00

9,31 00 .00 ,0n 9,36
7.76 200 .00 00 7,57
4,78 «00 .00 6,03 3,47
.00 230 00 8,24 .00
L0n . N0 .00 9,43 00
.00 000 N0 10,156 .00
.00 .00 .00 10,37 .00
.0n ) .00 10,17 ,00
L00 .20 .00 9,53 L00
.00 «00 .00 8,35 .00
.00 200 .00 6435 ,00
L0000 6,37 .00 1l.61 .00
.00 A,59 .00 «00 .00
.00 9,78 .00 .00 .00
<00 10,31 .00 L00 00
L00 10,30 .00 .00 .00
1,99 2,0% 1,80 2,18 2.01

THE CLOCK SFZ 4n7n2 AT FILTER LOAD TIME,

.00
.00
.00
.00
.00
.00
.00
.0n
200
.00
.00
.00

3.99
6,84
8.44
9.45%

10,06

10,34

10,33

10,04

9.45
8.51
7.12
4,93
.00
.00
.00
.00
.00

»00
$00
<00
2,36
65,70
B,y64
9,74
10,28
10,34
9,94
9.00
7.28
3,79
.00
.00
.00
.00
.00
.00
000
.00
.00
.00
«00
.00
«00
«00
« 00
«00

2.10

.00
+NO
.00

«00
«N0
.00
N0
.00

.00
+00
00
00
«00
«00

N0
.00
» 00
-N0
« 00
3.43
6,481
R N7
915
9.84
10,24
10,37

3,08

Max

10,37
10,30
10,12
9,86
9.51
92.54
10,27
10.3%
10,34
9.94
10,11
10,37
10,17
9,36
8,44
9.4%
10,06
10,34
10,32
17,37
10,17
9.5%
8,.3%
8.84
9,30
9.6Q
10,00
10,131
10,37

TOTAL

10,37
10,30
10,12
20,59
31.83
36.67
38,81
43,37
44,98
42,86
3645%
23.31
23.06
30,33
7Be42
?8.42
23,25%
25,21
26441
26493
264715
25,78
27,21
26453
25,35
?7.43
29462
30,77
31,02

?3,15
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NM

NST
K

Floating-point

indicator which specifies that NAME card has been
read (if NM> 2)

number of stations in current case (maximum 15)
line counter for page output

single variables, -~

ENM
EBT
ESP

EBTE

ESPE

HMX
HSM
BLANK
DTR
RTD
P12

PI

CRT
ALAB

Al
DFEE
ELEV

UNIT

alphanumeric characters NAME
alphanumeric characters ORBT
alphanumeric characters STOP

alphanumeric characters ORBT (zero in place of letter O;
used in case of erroneous punch)

alphanumeric characters STOP (zero in place of letter O;
used in case of erroneous punch)

alphanumeric characters MAX
alphanumervic characters TOTAL
five blank alphanumeric characters
degrees-to-radian conversion
radian-to-degrees conversion

0.5 times PI

3.141592652

earth rotation rate, radians/minute

alphanumeric indicator variable read from card (should
be equal to ENM, EBT, or ESP

orbit altitude, n. mi, or km

orbit inclination

nodal longitude step size

minimum elevation angle applicable to all stations

indicator which specifies units of distance
(n. mi. if blank, km otherwise)




CORR

RE
REC
HY
HZ

SEMP

TSTLA
TSTLO
TEL

TAI
TDFE

DIST

TSM

FEE

CTR

SX
SY
SZ

HDTS

X

fractional increase in earth radius for refraction
correction

actual earth radius, n. mi, or km
RE - (1.0 + CORR)

y-component of orbit normal
z-component of orbit normal
orbit period, minutes

temporary variable used in computing maximum
geocentric angle to spacecraft

temporary variable used in writing station latitudes, deg
temporary variable used in writing station longitudes, deg

temporary variable used in writing minimum elevations,
deg

temporary variable used in writing orbit inclination, deg

temporary variable used in writing nodal longitude,
step-size, deg

maximum slant-range to satellite, n. mi or km

temporary variable used in writing maximum geocentric
angle to satellite, deg

actual ascending node longitude, radians

counter to keep track of number of nodal longitude
cases computed

x=coordinate of station
y-coordinate of station
z-coordinate of station

~

h-s = cosine of geocentric-station-vector/orbit-
normal angle

x-component of projection of station-vector on orbit
plane at ascending node
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TY y-component of projection of station-vector on orbit
plane at ascending node :

TZ z-component of projection of station-vector on orbit
plane at ascending node

™™ magnitude of station vector projection on orbit plane
TX1 TX/TM
THP in-orbit angle from ascending node to projection of

station vector on orbit plane

TAU time from ascending node to projection of station
vector in orbit plane

FEEC orbit ascending node, corrected for earth/orbit plane
rotation during time TAU

SA minimum geocentric angle to satellite for current
nodal longitude case, radians

TEM in-orbit incremental angle within station visibility,
radians

TMAX maximum single-station visibility time for current
nodal longitude case

SUMT  total of visibility times for all stations for current
nodal longitude case

TFEE temporary variable for writing nodal longitude, deg

Arrays, --

TTL(20)

STA1(15)
STA2(15)
STA3(15)
STLA(15)
STLO(15)

EL(15)

alphanumeric title information for output header
first four alphanumeric characters of station name
second four alphanumeric characters of station name
third four alphanumeric characters of station name
station latitude

station longitude

minimum elevation angle at station or minimum ele-

vation angle supplied by orbit data card, whichever
is greater




C(15) cosine of station latitude

S(15) sine of station latitude

CE(15) CE(I) = cosine of EL(I)

SM(15) maximum geocentric angle to satellite, radians

HDR(15) alphanumeric data for output column headers

T(15) visibility time at station for current nodal longitude
case

EL2(15) minimum elevation angle for particular station, cur-

rently not used

AVG(17) average visibility time for station, max, or total
UN(2) alphanumeric constants, n. mi., and km
RET(2) earth radius values, 3443, 9 and 6378, 2

Program Listing

See Table A4

PROGRAM SICO

Purpose

SICO computes the time sequence of ground station passes for up to 30

ground stations, including time of acquisition, visibility time, time since

last contact of a station, and last ascending node longitudes for each of

several typical days in the long-life mission of a satellite in a circular orbit,
By generating virtually all possible daily nodal sequences, the output gives

a good indication of what can be expected during the lifetime of such a mission.

Method

SICO (SImulated COverage) makes use of the same basic computational model
as TECO. However, the output format is greatly different, and consequently
the data must be edited and sorted prior to output. After each orbit (ascend-
ing~-node to ascending-node), a list of stations visible during that orbit is
generated and sorted into chronological order. The times of coptact, station
names, visibility times, times since last contact, and east longitude of the
last ascending-node are then printed out. Time remaining to”end—of—or'blt

is stored for the computation of the "time-since-last-contact” for the first
station visible on the next orbit. Fach succeeding orbit is contiguous, i.e.,
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IFN
000

0002
0003
0094
0005

0006
0007

o010
0011

0012
0013

0014

0015

[ e )

o0
——
~ o

0020
0021
0nz22
0023

0024
002s
0026
0027
003n
003)
0032
0033
0034
0035
0036
0037
0oao
0041
0042
0043
0044
0045
0046
0047
0050
0051
0052
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TABLE A4. - AUTOMATH 1800 SOURCE PROGRAM

LISTING - TECO

AyToMATH 1800 SOURCE PROGRAM LISTING

EFN PROGRAM: TECNH JoB1 RALTES

DIMENSION TTL(20)9STAL(1B) sSTA2(15)«STA3(15)aSTLACIS5) 4STLO(18),
I EL(15)9CU15)9S(15)eCECIR)oSM(15)aHDR(1S) o T (15 sEL2(15)9AVG(1T)
DIMENSION UN(2) +RET(2)
30 FORMAT(A4)
31 FORMAT(1Hl37H TLLEGAL ne MISSING DATA HEADER CARD )
32 FuRMAT (20A4)
33 FORYMAT (12)
3% FORMAT (3A4+.4X,3E8,1)
37 FORMAT (1H1+33H NO NAME CARND PRIOR TO ORBT CARnD )
38 FORMAT(4FB,14A5,3X4EB.))
42 FURMATU(IHL+40K423He & & TECO o @ o //710x92048/77)
44 FORMAT ( BH STATION #13,2X+3A4,13H NORTH LAT= ,F&,2.6H DEG .
1 1)HEAST LONGe= oF7,246% DEG  ,9HMIN ELEVE ,F6.2, 4H DFG )
4% FORMAT (// 11H ORBIT ALT= s FB.1¢1XsA5 712H ORRIT INCL=Z +F7.2.
1 %4 UEG,/ 27H NODAL LONGITUDNE STEP SIZE= +F6,2, SH DEG,./14H pRALT
2 PFRIOD= . FBe2,8H MINUTES/14H EARTH RADIUS=z ,2PF5,1+44H PERCENT n
3ver ACTUAL (REFRACTION CoRRECTION) /7))

46 FORMAT( 52H STATION MAxe ARC RANGE VISIRLF (DEG)H MAXe DIST,
1 AS /)

48 FORMATI(3Xe124)4XeFT,2419%eFR,1) )

49 FORMAT (1H1a%0H E.LONG oF TIME ABOVE MIN ELEVATION IN MINUTFS

1 /19K ASC, NODE , 4Xs 17A6 )

55 FURMAT ( F9,248X017F642 )

62 FORMAT (//9H AVERAGES o+ 4aXs 17F6.2)

64 FORMAT (1HO)
DATA (HDR(J)4J = 1,15) / 6H 1 «6H 2 46H 3 +6H 4 LeH
15 +6H 6 46K 7 1 6H A W6 H 9 s6H 10 +6H 11 v6H 12
?46H 13 64 14 46H 15 7

ENM = 4HNAME
EBT = 4HNRAT
ESP = 4HSTOP
EBTE = 4HOURBY
ESPE = 4HSTOP

HMY = 6M MAX
HSM = 6H ToTal
UN(]) = SHN.MID,

N (2) SHKM,
RET(1) = 3443.+9
RET(?) = 6378,2
BLANK = 5H

NM = O

nre = 0,0174%32925
RTN = 57,2957795%
P12 =1.57079632¢6
Pl = 3,141592662
CRT = 4,3752639F=3

15 REAN(5130) ALAR
1F (ALAB ,En, ENM) GO TO 10
1F(ALAB ,FQ. EBY +DR. Al AB ,f BTE) GO TO 11
IF(ALAB LE0., ESP «OR. ALAB LE SPE) 6N TO 1

WRITE(9+13])

mm

Q.
Q'




'

1FN

0053
0054
0055
0056
0057
0060
0061
0062
0063
0064
0065
0066
0neT
0070
007}
0072
0073
LLRE
0n7%
0076
ont?
01002
0101
1Nz
0103
nina
0n10%
0104
nint
0110
oLl
0112
01123
0114
0lls
0lls
N
0120
012)
0122
0123
nt2a
0125
0126
0127
0130
0131
0132
0133
0134
0135

TABLE A4. - AUTOMATH 1800 SOURCE PROGRAM

FFN

13
1
19

34
1

36

30
39

4l

43

LISTING - TECO - Continued

AUTOMATH 18n0 SOURCE PROGRA* | TSTING
PROGRAMt TECH JnB: RALTFS

$TAp 13

sTNP |

NM = 99

READ (5432)(TTL(I)s1 = 1,20y

READ (5,33) NST

DO 34 1 = 1.NST

RFAD (5435) STAL{I)eSTA2(1)4STAZ(T)oSTLALI)9STLACT)SEL(T)

STLACI) = STLA(1) e DTR
STUOCI) = STLO(I) @ DTR
EL(I) = EL(i) » DYR
C(1) = €NS(STLA(D))
EL2(1) = FL(1)

SU1) = SIN(STLA(D))
CE(IY = €OS(rL(1))
CONTINUE

60 11 1%

IF (VM .6T, 2) 60 Tn 36

WRITE (9437)

6n 1N 13

READ(5+38) HoAlJDFEF4ELFVIUNIT,CORR
Tynir = 2

IF (UNIT +EQ. BLANK) LomqY =2 )
RE = RET(IUHIT

REC = RE % (1«0 + CNRR)

Al = Al # nitp

NFFE = NFEE @ NTR

ELFV = ELEY & nYR

HY = =SIN(AT)

HZ = CNS{AY)

no Ay I=19NST

EL(T) = EL2¢(D)

IF (FLEV oLE, EL(I)) 6N 1D 4O
EL(IY = FLFY

CE(1)Y = COS(FLEV)

COMNTINUE

P =83,490( ((H+RE)/RE) #4 len)
PO 4l 1 = ]1eNST

SEMP = REC o CFR(I}/ (REC + )

SEMP = SFMP / SQRT(1e = SEMP @ SFMP)
SKFMP = ATAN (SEMP)

Sd(T) = PI2 - B (1) = SEMP

SMIT) = SM(1Y ¢ (1.0 + CnRR)y
CUNTTRHUL

WRITE (9,82) (TTL(I) e V =1020)

no 43 1 1

= +NST
TSTLA = PTn o syLA(I)
TSTLO = PTp o STYLO(Y)
TEL = RTh & FLUYD)
WRITE (9444) I,STAYCI) oSTAZ (1) 35TAY(1)9TSTLASTSTI DGTEL
CONTINUE
TAT = Al # RTYD
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TABLE A4. - AUTOMATH 1800 SOURCE PROGRAM
LISTING - TECO - Continued

AUTOMATH 1800 GOURCE PROGRA | ISTING

1FN EFN PRNGRAM: TECO JOBR RALTFS
0136 TAFE = OFEL # RTN

n137 WRIT® (94,4%) HyyN(TUNITY,TAT,TDFECP+CORR
nlan WHITE (9445) UNCIUNIT)

0141 Du 47 T = 14NST

0142 DIST = SIN(SM(1)) & (RE+H) / SIN(PI2+EL(I))
0143 TaM = SM(]) & RTN

0144 WRITE (9,48) 1,T5MeDIST

0145 47 CONTINUE

0146 FFE = 0.0

0147 crn = 1,0

0150 nd en 1 = 1417

0151 60 AVG(I) = 0,0

0152 3 WRITE(9,49) (HNR(J) 4J = 1oNGT) (HMX4HSH
0153 WRITE (9464)

0154 K = 1 .

015% 4 nO SN 1 = 14NST

0156 sx = Cl]) & cOs(STLO(]) ~FEF)

0157 st = Cll) o SIN(STLO(]) -FEE)

0160 sZ = 5(I)

0161 HDTS = SY®HY + §leH?

Nls? TX = SX

0161 TY = SY = HY&HNTS

0les YZ = 51 = HZ#HDTS

0165 TM = SQARY(TX®TX * TY®TY o+ T7877)

0166 TAY = Ti/TM

0167 THP =00

0170 IF (ABS(TX1) GT» 0.,000001) THP = ATAN(SQRT!1.-Tx14TX1)/TX])
0171 ¥ (THP ,BF, 0,0) GO0 7O %l

0172 1F (T2 .GE, 0De«0) 6O TO 52

0173 THP = P] = THP

0174 60 TN 53

0175 5% THP = P] + THP

0176 60 10 53

0177 51 1¢ (T2 ,LT, NeNy THP = 2,0 & P! « THP
0200 53 TAY = P & THP /(2,0 # P1)

0201 FEEC = FEE + CRT ® TAU

0202 sk = ClIY » €cOS(STLO(I) -~ FFEC)

02013 sy = C(1) & SIN(STLO(L) < FEEC)

0204 HDTS= SY®HY + S79HIL

020% sA = P12

0206 1F (ABS(HDTS) +LTs 0.999999) SAzATAN(ABS(HOTS)/SQRT(1.=HDTS#HDTS))
0207 T(1) = 040

0210 IF (SA LGE, sM(1)) 60 TO 50

0211 TEM = COS(sSM(I)) / €0S5(Sa)

0212 TEM = ATAN(SORT{1.0 = TFM®TEM) /TEM)
0213 T(1) = P @ TEM 4 PI

0214 50 CONTINUE

0215 TMAX= T(1)

0216 SUMT = T(1)

0217 nO 54 1 = 24NST

0220 IF(T{L) o6T,. TMAX)THMAXE TLI)Y
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IFN

0221
0222
0222
0724
0225
0224
0227
0239
0221
0232
nN233
0234
023s
023n
0237
0240
0241
0242
0243

TABLE A4. - AUTOMATH 1800 SOURCE PROGRAM

FFN

54

61

80
63

LISTING - TECO - Concluded

AUTNOMATH 1890  SOURCE PROGRAM | ISTING
PRNGRAM: TECNn JoBt Ral.TES

SUMT = 3UMT + (D)

CUMT T NYF

TFFE = FEE » RTD

WRITE (9458) TFEEe (T(I) » [ = 14NST)s TMAX, SUMT
K = % + }

IF (FEE JGE.(2,0%PI)) 61 TO RO

DO At I = },NST

AVG(T) = AvG(I) « T(I)

AVARL16)Y = AVG(1g) o TMA‘

AVRIYT) = AVA(17) « SUMT

CTR = CTR + 1+0

FEF = FEF o NFEE

1# ( K FT, 45 ) Go TH 1

GO TN 4

DO 63 I = 1417

AVE (1) = AyG(I)/CTR

WHITE (9462) (AVG(1)e1=1,NST)4aVG(16) 4AVG(LT)
6o TH 1y

EHN
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ascending nodes are spaced as they would actually occur for the given orbit.
Allowance is made for earth rotation and for precession of the node due to
earth oblateness in the form:

AD = -9,9958 cos(i) (1 + h/RE)_3' 5 At deg (A12)
where i = orbit inclination
h = orbit altitude

Rg
At

earth radius (actual)

time increment involved (in days)

Computation starts with the ascending node at 0 degree longitude and proceeds
through a time period of one day plus one orbit period, completing the first
output table. The program is then re-initiated at a longitude slightly east of
0°, corresponding to the input parameter ''nodal longitude step size' and
another table is generated. Another increment in initial longitude is taken,
another table generated, etc., until the initial longitude reaches a value
greater than the difference in successive ascending node longitudes. The
tables thus generated represent the variety of possible "orbiting days" which
may occur in actual practice to the resolution given by the nodel longitude
step size used. Over a long period of time, the coverage profiles corres-
ponding to each table will become equally likely or equally "'typical".
Estimates of the probability of occurrence of "holes'' can thus be based on
the relative occurrence of tables corresponding to these holes, recognizing
that this is only approximate,

Input

The sequence of input cards for SICO is identical to that of TECO. One
additional parameter can be used; minimum visibility time in minutes,
punched in columns 49-56 of the orbit data card (with decimal). This para-
meter has the effect of deleting any station passes which, although exceeding
minimum elevation angle, do so for less than the specified minimum time,
Also, up to 30 stations, rather than 15 as with TECO, can be handled by
SICO.

The "nodal longitude step size' parameter controls the number of output
"typical day'" tables. In practice, this parameter should be kept down to
one degree or less for best resolutions. A one degree step results in about
22 or 23 output tables for a typical orbit,

Output
Table A5 shows the first three pages of a typical SICO output. The first page
essentially lists the input data plus some auxiliary param eters. The second,

third, etc., pages are "orbit day" outputs, each for a specific initial ascend-
ing node longitude, The first column gives the time past the initial ascending
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TABLE A5. - POLAR ORBIT STADAN COVERAGE

L 2N

PoLAR ORBIT STADAN COVERAGE

STATION 1 COLLEGE
STATION 2 ROSMAN
STATION 3 FT, MYERS
STATION & JOHANNESBURG
STATION 8 LIMA
STATION 6 ORRORAL
STATION 7 QUITO
STATION 8 ST, JOHNS
STATION 9 SANTIAGO

0

STATION 1

ORBIT ALT=

WINKFIELD

500.0 KMo

NRBIT 1NCLe 90,00 DEG,

NODAL LONGITUNE STEP SIZE=
94462 MINUTES

ORBIY PERINDE

NORTH LaTe
DEG

64,90
33,20
26,50
25,90
11,80
'35060
®,60
47,70
-33.20
51,50

1000 DEGQ

Steco

EAST LONG,
DEG

212410
277,10
278,10

2770
282,480
148,50
281440
307430
289,30
359,30

L2 )

MIN ELEV,
DEG

5,00
5.00
5,00
5,00
3,00
5,00
5,00
5,00
85,00
%,00

EARTH RADIyS= 33,3 PERCENT OVER ACTUAL (REFRACTION CORRECTION)

MINIMUM TIME=z 3,00 M

WESTWARD SwIFT OF ASCe NODE=

STATION

OV DI PARD WON -

—

IN

MAX, ARC RANGE VISIRLE(DEG)

1973
1973
19073
1973
19.73
1973
1973
19.73
1973
19,73

23472 DEG./ORBITY

MAXs DISTeKM,

2331.1
2331,1
2331.1
2331.,1
2331.1
2331,1
2331,1
2331.1
2331,.1
2331,1
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TABLE A5. - POLAR ORBIT STADAN COVERAGE - Continued

LONGITUDE.ASCe NODE

TIME,
MIN,

8.37
26414
93,96

105,43
105,74
146,36
196,63
269,36
275,41
278,86
286,17
288,46
293,20
367,74
372,48
375,32
381,70
383,67
396,09
486,45
526,07
579,60
567,80
616,79
675,08
690,76
773,33
786.2%
836,50
881,05
907,70
976,27
979,86}
982,02
9R9,04
991,913
997,22
1073,91
1076,39
1084,62
1088,113
1160,45
12%4,92
1312,12
133%.,79
1349,85%
1427.64
1445,18
1474,62
1524,02
1565,53

STATION

WINKFTIELD
COLLEGE
ORRORAL
ST JOHWNS
WINKFIELD
ORRORAL
$Y« JOHNS
SANTI1AGOD
L I MA
QnlTo

FTe MYERS
ROSMAN
ST+ JOHNS
SANT1AGO
LIMA
QulTo

Fte MYERS
RASMAN
CnLLEGE
CALLEGE
JAHANNESRURG
CnLLEGE
WINKFTELD
JAHANNESBURG
cnLLEGE
WINKFIELD
CnLLEGE
WINKFTELD
ORRORAL
STe JAHNS
SANTIAGO
ST JOHNS
ROSMAN
Fre MYERS
QuiTo
LIMA
SANTIAGO
RASMAN
Fre MYERS
anivTo
L1MA
CoLLEGE
cntLEGE
JAHANNESRURG
WINKFIELD
CNALLEGF
WINKFTELD
colLEGE
ORRORAL
WINKFIELD
0RRORAL

(TIME=D) = «00 DFG
MINUTES MINYTES SINCE
IN SIGHT LAST CONTACT

10434

6.41 Tea4

Teb6 21442

5e44 43480

603 »00

9.97 34,59

10,35 40030
10,34 62039

9.76 00

9.62 «00

9,51 +00

9.59 000

Tel6 00

4,00 6738

575 73

%98 00

Te79 «40

8,42 e 00

3.79 4400

8,91 B6e56

4,57 3071

10,37 484,97
3,90 783
10,24 1509
9,18 4805
10,18 651
4,41 72439
Be74 851
10,137 41451

9470 34.18

3,04 16096

9.3] 65+52

Te13 «00

T«80 00

9413 «00

9.69 «00

10,137 e 00

9.87 66032

9,48 «N0

7027 .00

6,16 o000

7413 66016

10,04 8735
10,33 47417
6066 13.34
10,05 7040
10,36 67¢74

T.28 Te+18

558 272016

Te56 43+83

10431 33.94

LAST ASC.NODE
E.LONG,+DEG,

«00

w23472

«47.44

eT1ls16

«34,88

»118460
=-142431

=166¢03
~189.¢75

213047
=237419

«260491

«284463
«308+35

«332.07

«-355%,79

=379+50
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TABLE A5. - POLAR ORBIT STADAN COVERAGE - Concluded

LONGITUDE.ASCs NODE

TIME,
MIN,

8,36
26,08
54,24

105,80
105,48
146,32
196,66
269,33
275,48
278,97
286,30
288,58
262,99
367,28
372,11
374,97
381,48
383,50
396,40
486,56
526,71
579.62
598,1%
616,478
674,99
690,76
773,09
TR6,17
836,45
8R1,07
934,8%
976,19
979,76
982,20
989,24
992,0¢
997,25
1073,84
1076429
1084,137
1087,80
1160,48
12%4,91
1312,10
1334,05%
1349,83
1410,69
1427,66
1445,14
147%,07
1523,8%
156%,54

STATION

WINKFIELD
CaLLEGE
ORRORAL
$STs JOMNS
WINKFIELD
OrRORAL
ST+ JOHNS
SANTIAGO
LIMA
QuiTo

FTe MYERS
RASMAN
ST« JOHNS
SANTIAGO
L TMA
Quivo

FTe MYERS
RASMAN
CoLLEGE
CnLLEGE
JAHANNESBURG
cnLLEGE
WINKFIELD
JOHANNESBURG
CoLLEGE
WINKFTELD

CnLLEGE

WINKFIELD
OrRORAL
ST. JOHNS
NeRORAL
STs JOHNS
ROSMAN
FTe MYERS
QuivTo

L 1MA
SANTIAGO
RNSMAN
FYe MYERS
QulTo
LIMA
CoLLEGE
CALLEGE
JOHANNESRBURG
WINKFIELD
CoLLEGE
JAHANNESBURG
WINKFIELD
CNLLEGE
0RRORAL
WINKFIELD
ORRORAL

(TIME=0) = 100 DEG
MINUTES  MINUTES SINCE
IN SIGHT LAST CONTACT

10,36

6463 737

Te26 21e53

4,85 44429

6.45 '00

10,08 34.39
10,32 40626
10,30 6235

9,56 o 00

9.40 000

9.29 000

9,40 200

751 200

4,93 66¢78

6,47 «00

6467 v00

8,18 200

8,71 00

3,137 4419

8,78 86¢R0

3,44 3136

10436 49,47
3.02 8017
10,39 15¢81
9,29 4791
10,11 648
4,76 72422
8,93 8033
1U,36 41035

9,56 34426

3,92 44422

9047 37482

1.32 .00

Te3% 00

8,83 +00

9.05 .00

10,37 00
10,00 66e22

9,67 00

T«78 00

6,81 000

6492 6587

9,98 8752

1027 47021
6,27 13.68
10,10 Te5%1
3,51 850076
104 34. 13446

Te47 70]3

4,86 2247

T+84 43.91

10,35 33485

LAST ASC.NODE
E.LONG, ¢ DEG.

1.00

+22072

46044

-70.16

=93.88

'117.60

=141.,31

=16%,03

18875

=212.47
=236.19

»259.9]

=2B83463
«307,35
«331.07
«354,79

«378+50
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node to station acquisition (station ''rise') in minutes, the second column
gives the station name, the third column gives the time for "rise'" to "set'
(at minimum elevation) in minutes, the fourth column gives the elapsed time
since ""set" at the previous station to ''rise' at the current station in minutes,
and the fifth column gives the east longitude of the last ascending node (nega-
tive values correspond to west longitude). Only passes which exceed the
minimum time specified are considered. Note that each output table covers
slightly more than one day; the time period is one day plus one orbit period.

a.
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w DN o=

=

Computer Requirements

Compiler language: Fortran IV
Memory requirement: 2245 words

Tape Units: common input 5
common output 9

Subroutines: none

Library: ALOG logarithm to the base e
EXP exponential
COS cosine
SIN sine
SQRT square root
ATAN arctangent
ABS absolute value

Definition of Variables

Fixed-point single variables

NM indicator which specifies that NAME card has been
read (if NM > 2)

I loop counter

NST number of stations in current case (maximum 30)

IUNIT indicator which specifies units for distance (IUNIT
= 1 implies n.mi,, IUNIT = 2 imples km)

INIT flag which indicates whether first station pass of current
day has been printed (if INIT < 0) (used to suppress
"MINUTES SINCE LAST CONTACT" on first pass)

NVS number of stations visible for more than minimum
visibility time on current nodal longitude case




. T T~

11
K1
K2
K4
12

K5

loop counter
loop counter
index variable
index variable
index variable

index variable

b. Floating-point single variables

ENM
EBT
ESP

EBTE

ESPE

HMX
HSM
BLANK
DTR
RTD
PI2

PI

CRT

ALAB

Al
DFEE

alphanumeric characters NAME
alphanumeric characters ORBT
alphanumeric characters STOP

alphanumeric characters ORBT (zero in place of letter
O; used in case of erroneous punch)

alphanumeric characters STOP (zero in place of letter
O; used in case of erroneous punch)

alphanumeric characters MAX
alphanumeric characters TOTAL
Five blank alphanumeric characters
degrees-to-radian conversion
radian-to-degrees conversion

0.5 times PI

3.141592652

earth rotation rate, radians/minute

alphanumeric indicator variable read from card (should
be equal to ENM, EBT, or ESP)

orbit altitude, n.mi. or km
orbit inclination

nodal longitude step size
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ELEV

UNIT

CORR

TMIN
RE
REC
HY

HZ

ODOT

DFEL

DFELD

SEMP

TSTLA
TSTLO

TEL

TDFE

DIST
TSM

BFEE
BFEED

FEE

minimum elevation angle applicable to all stations

indicator which specifies units of distance (n. mi, if
blank, km otherwise)

fractional increase in earth radius for refraction
correction ’

minimum allowable visibility time, minutes
actual earth radius, n.mi. or km

RE - (1.0 + CORR)

y-component of orbit normal

z-component of orbit normal

orbit period, minutes

eastward nodal orbit precession, radians/minute

eastward shift of ascending node in one orbit period,
radians (DEFL is always negative)

DFEL - RTD

temporary variable used in computing maximum geo-
centric angle to spacecraft

temporary variable used in writing station latitude, deg
temporary variable used in writing station longitude, deg

temporary variable used in writing minimum elevation,
deg

temporary variable used in writing nodal longitude
step size, deg

maximum slant-range to satellite, n. mi. or km

temporary variable used in writing maximum geocentric
angle to satellite, deg

ascending node longitude at start of "orbiting day"
BFEE - RTD

ascending node longitude at nodal crossing for current
orbit, radians




FEED

TIME

TLAG

SX
SY
SZ

HDTS

X

TY

TZ

™™
TX1

THP

FEEC

SA

TEM

SSF

STD

TIMP

TDL

FEE - RTD

time from start of "orbiting day" to ascending node
crossing of current orbit, minutes

time from "set'" at last station prior to current ascend-
ing node to time of current ascending node

x-coordinate of station
y-coordinate of station

z-coordinate of station
h - s = cosine of geocentric station vector/orbit-
normal angle

x-component of projection of station vector on orbit
plane at ascending node

y-component of projection of station vector on orbit
plane at ascending node

z-component of projection of station vector on orbit
plane at ascending node

magnitude of station vector projection on orbit plane
TX/TM

in-orbit angle from ascending node to projection of
station vector on orbit plane

orbit ascending node, corrected for earth/orbit plane
rotation during time from ascending node to station
passage.

minimum geocentric angle to satellite for current nodal
longitude case, radians

in-orbit incremental angle within station visibility,
radians

variable used as standard for comparisonin sorting
station passes

variable used as standard for comparison in sorting
station passes

station acquisition time from beginning of day, minutes

time since last contact, minutes
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Arrays. --

TTL (20) alphanumeric title information for output header

STA1 (30) first four alphanumeric characters of station name
STA2 (30) second four alphanumeric characters of station name
STA3 (30) third four alphanumeric characters of station name
STLA (30) station latitude

STLO (30) station longitude

EL (30) minimum elevation angle at station or minimum
elevation angle supplied by orbit data card, which-
ever is greater

C (30) cosine of station latitude

S (30) sine of station latitude

CE (30) CE (I) = cosine of EL (I)

SM (30) maximum geocentric angle to satellite, radians
T (30) visibility time at station for current nodal

longitude case

TAU (30) in-orbit time from ascending node to closest
approach to station

EL2 (30) minimum elevation angle for particular station,
currently not used

JVS (30) JVS (I) = station number of 1P station contacted
on an orbit

K3 (30) index array used in sorting station passes

UN (2) alphanumeric constants, n. mi. and km

RET (2) earth radius values, 3443.9 and 6378.2

Program Listing

See Table A6
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TABLE A6. - AUTOMATH 1800 SOURCE PROGRAM
LISTING - SICO -

AUTOMATH 1800 SOQURCE PROGRAM LISTING
IFN EFN PRNGRAM: SICO JOB: BALTES
ccol1 PIMENSTON TTIL(20)9STAL(30)+STA?(20) +STA3(30)4STLA(30)+STLO(30)

1 EL(30)+C(30)+5(30)+CE(30)45M(30)+T(30) +TAU(30) +EL2(30)
2 JVS(30)eK3(30)UN(2) sRET (2)

0002 30 FCRMAT (A4)

ccea 31 FCRMAT(1H1+37H TLLEGAL OR MISSING DATA HEADER CARD )

0004 32 FCRMAT (20A4)

coCS 33 FCRMAT (1I2)

C0Cé 35 FCRMAT (3A444X43FE8,1)

ceev 37 FCRMAT (1H1433H NO NAME CARD PRIOR TO ORgT CARD )

oclo 38 FCRMAT(4F8414A543X42E8,1)

co1l 42 FCRMAT(1H1440X 231" * # St1co * %k /7 1Xe20A4//7 /734X

1  37HNCRTH LAT, EAST LONGy  MIN ELEV /37X ¢3HDEG 10X
2 3IHDEG,9X%X43KHDFG/ /)

¢C12 44 FCRMAT (BH STATION +I1342X93A640X oF 742 46X sFT7,245XsF7e2)

¢cC13 45 FCRMAT (/7 11H ORBIT ALT= o FB8,141X,4A5 /12H ORBIT INcLz +F7,24
1 5K DEG,/ 27H NODAL LONGITUPE STEP S]Z2Ez +F6,2s SH DEG,/14H ORBIT
2 PERIOD= ,FRr,2,8H MINUTES/14H EARTH RADIUSz ,2PF5,1,44H PERCENT O
3VER ACTUAL (PEFRACTION CORRECTTIOM) / 14H MINIMUM TIMEz ,oPF5.2,
4 4H MIN/ 29H WESTWARD SHIFT oF ASC, NODEs ,F7,2,11H DFG./ORBIT//)

CC1l4 46 FCRMAT( S2H STATION MAXos ARC RANGE VISIBLE(DEG) MAX, DISTe »
1 A5 /)

0c15 48 FCRMAT(3X412414XsFT742019XeF8,1)

co16 105 FCRMAT (1H1436H EAST LONGITUDF,ASC, NODE (TIME=0) =,F742,4H DEG//
1 19H TIME, STATION+4Xs3BHMINUTES MINUTES SINCE LAST ASCeNO
2DE/TH MIN, 416X¢37HIN SIGHT LAST CONTACT ELLONG,sNEG, 7/}

ce17 106 FCRMAT(FBea292Xe 3A4s FBa2eb6XsFT74237X9FRe2)

cC20 170 FCRMAT(FB,242X43A4y FB842420XFBe?)

€021 FNM = 4HNAME

c022 EET = 4HORRT

¢c23 FSP = 4yuSTOP

cCa4 EBTE = 4HORRT

oc25 ESPE = 4HSTQP

0026 HMX = 6H mAX

cca? HSM = 6H TOTAL

€030 ) UN(1) = SHN MI,

0031 UN(2) = sHKM,

0032 RET(1) = 3443,9

0C33 RET(2) = 6378,2

C034 BLANK = 54

0035 NM = 0

0036 CTR = 0,0174532925

ccar RTID = 57,2957795

Co40 PI2 =1,570796326

0C41 Pl = 3,141592652

0C42 CRT = 4437%52439F=3

CCa3 15 READ(5430) ALAR

CCa4 IF (ALAR L£Q, EnM) GO TO 10

0045 IF(ALAB +EQe EBT +ORe ALAB o«FQe FBTE) GO TO 11

€046 IF(ALAR ,EQ, FSP ,ORe. ALAB LFQ. FSPE) GO TO 1

0047 WRITE(G9,31)

€050 13 STop 11
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1FN

cCs1
cCs2
€053
CC54
CCs5
0C56
0057
0060
CcCé1
CCé2
0Cs3
CcCé4
CCeSs
Co66
CCe7
0C70
ccrl
cc72
cC713
0074
ccr5
cov6
co7
c100
C101
cle2
c103
Cl04
cl1c5
Cloé
cic7
c110
111
cl12
C113
Cl14
Cl115
Cl1é
C117
€120
c121
0122
cl23
Cl24
c125
0126
c127
0130
c131
c132
€133

182

TABLE AS6.

EFN

1 sTCP 1
1C NV = 9
READ (
READ
nC 34
READ (
STLA (I
STLo (1
FL(D)
il =
EL2(1)
sS(n) =
CE(])
34 CCNTIN
GC TC
11 IF (NM
WRITE
GC TC
36 READ(S
ILNIT
IF (UN
RE = R
REC =
Al = A
CFFE =
ELEV =
KY = =
HZ = C
CC 40
ELLD)
IF (EL
EL(DY
CEtD)
40 CCNTIN
39 P =84,
cpCY =
DFEL =
CFELD
BC 41
SEMP
SEMP
SEMP
CLAS !
ELASS]
41 CCNTIN
WRITE
CC 43
TSTLA
TETLC
TEL =
WRITF

- AUTOMATH 1800 SOURCE PROGRAM
LISTING - SICO ~ Continued

AUTCMATH 1800 SOURCE PROGRAM LISTING

PROGRAM: SICO JOB: BALTES

L}
Se32NLTTLI(I) W] = 1420
5¢33) NST
1 = I'NST
5935) STAL(I)eSTA2(T)«STAI(T)sSTLA(L) «STLO(I) +EL ()
} = STLA(I) # DTR
) = STLC(I) * DTR
= EL(I) % DTR
COS(STLAII))
s EL(T)
SINISTLAC(T)
= COS(FL(I))
LE
15
«GTe 2) GO TC 36
(9+37)
13
+38) HeAI+CFEECELEVSUNTITCORRsTMIN
= 2
1T «EQe RLANK)} IUNIT = 1
ET(IUNTT)
RE # (140 + CCRR)
I * DTR
DFEF * DTR
ELEV * DTR
SIN(AI)
csttal)
Tz1,NST
= FL2(T)
EV JLEe EL(I)) GO TC 40
s ELEV
= COS(FLEW)
LF
49% (L (HeRF)/RE) #*% 1a5)
~14211525E=4 * COS(AT)/ (140 ¢ H/RE)®¥%#3,5
P » (NCCT - CRT)
= =CFEL *RTD
I = 1,4NST
REC #* CE(1)/ (REC + H)
SEMP / SGRT(1s = SEMP # SFMP)
ATAN (SFMP)
= P12 = EL(1) =~ SEMP
2 SM(I) % (1.0 + CORR)
UF
(9942) (TTL(I)s I =1420)
I = 14NST
= RTD * STLAL
= RTHh % ST1O(
RTR * FL (1)
(Ge44) T4STALUI) 4STAZ(1)eSTA3(I)eTSTLASTSTLOSTEL

)

1)
@)




TABLE A6. - AUTOMATH 1800 SOURCE PROGRAM
LISTING - SICO - Continued

AUTOMATH 1800 SOURCE FROGRAM LISTING

IFN EFN PROGRAM: SICO JOB: BALTES
Cl134 43 CCNTINUFE

c135% TAT = Al » RTC

0136 TCFE = DFEE % pTD

c137 WRITE(99e45) HoUN(JUNIT) sTATWTDFE +P+CORRsTMIN+DFELD
€140 WRITE (ge46) UN(CIUNIT)

0141 PC 47 1 = 1 ¢NSTY

€142 DIST = SIN(SM(I)) % (RE«H) , SIN(PI2+EL(I))
0143 TSM = SM(1) * RTD

0146 WRITE (9e48) I1,TSM4DIST

0145 47 CCNTINUE

0l46 BFEE = 0,0

C147 108 RFEEC= BFEF #* RTD

0150 WRITE (94105) RFEED

cis1l FEF = BFEE

c152 FEED = RFEFC

c153 INIT = 100

Cl154 TIVE = 0,0

C155 TLAG = 040

0156 4 DC 50 1 = 1,NST

0157 §X = C(]) % CCs(sTLC(I) =FEE)

C140 SY = Cl1) * SIN(STLC(]) =FFE)

Clsl €2 = S5(1)

cle2 HCTS = SY#HY + SZ%*HZ

Cle3 TX = SX

0l¢4 TY = SY = HY®HDTS

C165 TZ = S2 = HZ*kpTS

Cl66 TV = SCRT(TX®TX « TY®TY + TZ%#72)

c167 TX] = TX/TM

c170 THP =040

c171 1F (ARS(TX1) «GTe 04000001) THP = ATAN(SQRT (]1,=TX1#Tx1)/TX1)
c172 IF (THP ,GF. 0.0) GC TO 51

c173 IF (TZ «GEs Ne0) GO TC 52

Cl174 THP = Pl « THP

c175 ¢C TC 53

c176 52 THP = P1 o+ THP

c177 GC TC %3

c200 S1 IF (TZ oLTe Ne0) THP = 2.0 # PT « THP
c2c1 53 TAU(T) = P % TP /(2,0 * Py

€202 FEEC = FFE + (ODOT ~ CRT) * TAU(T)
c203 SX = C(I) * COS(STLC(I) = FEFC)

€204 Sy = C(I) * SIN(STLC(I) = FEFC)

0205 HCTS= SY*HY + S2%nH7

€206 SA = P12

c207 IF (ABS(HRTS) o1.Te 0.999999) SB=ATAN(ARS(H[TS)/SQRT (1e=HDPTS*HRTS))
c210 T(1) = 0.0

c211 IF (%A LGE. sM(1)) CO TO 50

c212 TEM = COS(SM(I)) / COS(SA)

c213 TEM = ATAN(SGRT (1,0 = TEMRTEM)/TFM)
C214 T(I)y = P ® TFM , PI

c215 50 CCNTINUE

c2lé NVE = 0
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184

IFN

c217
€220
0221
c222
0223
0224
€225
€226
€227
€230
c231
€232
C233
C234
€235
€236
c237
C240
c24l
C242
243
C244
C245
C246
c247
€250
0251
0252
0253
C254
0255
€256
€257
C2¢0
c26l
C2¢2
C2¢3
C264
C265
C266
c2¢7
€270
€271
c272
€273
C274
€275
C276

TABLE A6. - AUTOMATH 1800 SOURCE PROGRAM

EFN

101

140

120

180
175

160
162

161

LISTING - SICO - Concluded

ALTCMATH 1800 SOURCE FROGRAM LISTING
PROGRAM: SICO JOB: BALTES

CC 100 1 = 1,4NST

IF (T(I) «LT, (TMIN + 0.,00001)) GO TO 100
NVS = NyS + 1

JVS(NVE) = |

CCNTINUE

IF (NVS .GTe 0) GO TO 1ol

TLAG = TLAG + p

GC TC 161

SSF = =1000,0

CC 120 11 = 14NVS

STP = 100040

PC 140 K1 = 14nVS

K2 = JVS(Kk')

TF (TAU(K2) .GF. STC) GO TO 140

TF (TAU(K2) 4LEe. SSF) GO TO 140

STC = TAU(K2)

K3(11) = k2

CCNTINUE

SSF = STD + n.0noo0l

CCNTINUE

K4 = K3(1)

TIMP = TAUIK4G) 4 TIME = 05 * T(K4)

TEL = TAU(K&4) + TLAG = 045 * T(K&)

TFITPL oLTe 0e0) TDL = 0,60

TF (INIT .LE, 0y GO TO 180

WRTITE (9e170)TIMPeSTAL(KG) STA2(K4) +STA3(K4) s T (K4) +FEED
INIT = =100

GC TC 175

WRITF(Ge106)TIMP4STAL(K4G) oSTA2(K4)eSTA3(KA) oT(K4)+TDLFEED
TF (NVS L Fe 1) GO TO 162

CC 160 K1 = 2sNVS

1l = K3(k1)

12 = K3(K1=-1)

TIMP = TAUCIL) « TIME = 065 % T(I1)

TCL = TAULTI1) « TAU(I2) = 05 #* (TI(Il) + T(12))
JFUTEL oLTe Ne0) TDL = 0,0

WRITE(S4106) TIMPeSTAL(IL1)eSTAZ(TI1)eSTA3(I1)eT(I1)sTDL
CCNTINUE

K5 = K3(NVS)

TLAG = P = TAU(KS) = 0e5 * T(KS)

FEE = FEE + NFEL

FEFD = FFE % RTD

TIME = TIMF + P

IF (TIME LLEe (144040 + P)) GO TN &

BRFEE = BFEF « DFFE

TF (BFEE ,GT. (=DFEL)) GO TO 15

¢C TC 108

END




PROGRAM PICO

Purpose

PICO generates the time sequence of ground station passes, including time

of acquisition, visibility time, time since last contact of a station, and last
ascending node longitudes, from orbit injection to a specified cutoff time for
a satellite in a circular orbit,

Method

The PICO (Post-Injection Coverage) program is a modification of the SICO
program. The major change is in the output and computing sequences.
Whereas SICO generates the array of ''typical coverage days'', PICO gener-
ates the continuous sequence which occurs for a reasonably short time just
after injection. Because of the nature of orbit nodel drift, very small
injection dispersions would tend to invalidate PICO-type data after the first
few days of flight. Thus, preflight PICO data is useful for prediction of the
first few days of flight, after which the statistical type of data given by
SICO must be used to predict coverage.

Input
The sequence of input cards for PICO is the same as for TECO. However,

because of the difference in type of data computed, the orbit data card is
somewhat different. The format of that card for PICO is as follows:

Columns 1-8 Altitude, n, mi. or km
9-16 Inclination, deg
17-24 Launch-to-injection geocentric angle, deg
25-32 Minimum elevation angle at stations, deg
33-38 Letters METRIC if altitude is in km, otherwise

blank (any characters other than blanks are
equivalent to METRIC)

39-40 +1 if launch is northerly, -1 is southerly

41-44 Fractional increase in earth radius for refraction
correction

45-48 Minimum acceptable visibility time, minutes

49-56 East longitude of launch site, deg

57-64 North latitude of launch site, deg

65-72 Launch-to-injection time, minutes

73-80 Launch-to-end time, minutes
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(use decimals in all fields except columns 33-38 and 39-40).
PICO will accept up to 30 stations, as does SICO.
Output

Table A7 shows the first two pages of a typical PICO output. The first page
essentially lists the input data plus some auxiliary parameters. The second
and following pages list the sequence of station passes from injection to the
launch-to-end time specified on input. The first column gives the time past
launch to station acquisition in minutes, the second column gives the station
name, the third column gives the time from "rise" to "set" (at minimum
clevation) in minutes, the fourth column gives the elapsed time since "set"
at the previous station to "rise" at the current station in minutes, and the
fifth column gives the east longitude of the last ascending node (negative
values correspond to west longitude). Only passes which exceed the minimum
time specified are considered.

Computer Requirements

1. Compiler language: Fortran IV

Memory requirement: 2786 words

3. Tape units: common input 5
common output 9

4, Subroutines: none

5. Library: ALOG logarithm to base e
EXP exponential
COS cosine
SIN sine
ABS absolute value
ASIN arcsine
SQRT square root
ATAN arctangent

Definition of Variables

Fixed-Point Single Variables., --

NM indicator which specifies that NAME card has been
read (if NM > 2)

I loop counter

NST number of stations in current cast (maximum 30)
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TABLE A7, - PICO TEST CASE

FICC TFST cAcp

NCRTH LAT,

PFG
STATICN 1 ALASKA 65.00
STATICN 2 CARMAPRYCOA =24,50
STATICN 3 Rremawm 35420
STATICM &  SANTIAGP -33.10
STATICN S TANANARTVF -12,50
CRBRIT AL T= SC0er KN,

CREIT INCLz 67,39 Rgc,
LALNCR=TC=INUFCTIAN NGl E= 20.0N NDEG,
CRRIT PFRICr= Sheb2 NI I'1FS

FAST LOMGo
NEC

212,50
113,40
277,10
280,20

47,30

MIN ELEV.
DEC

5.00
5.0
5,00
5.C0
5.00

EARTE RACILS= 33,0 PERCFNT CVFp ACTUM (RFFRACTTON €OniFCTION)

MINIMUM TIVE=Z  Cco MA

WESTwAPD SKTFT rF acc, Nerps 22455 TFGL/ORBIT

LALNCE LONGTTIRF= 212C,63 FFG, FhAer
LAULNCH LATJTURE= 1,76 PEC, NORTR
LALNCL VELCCYTY faS SCLTFRLY COMDCNENT
LALNCE TC INUFCTION [INMF. 10e0n MIN,
TCYAL TIVME= 1GPCR,0C M1y,

STAT 1N MAX. PREC BANCGE VTSR] F(RE(C) PhXe

19,71
16,71
16,71
19,71
16471

[0 N N

ETST v,
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TABLE A7. - PICO TEST CASE - Concluded

TNJECTICN CCVYERRCE SFQILENMCE (INJFCTICN TIFF= 10,00 MIMg AFTER LAGHC

TIVE, cTeTIC PT.OUTFS  MINUTFS SINCE 1 AST ASCen™D
MIN Y SICHT FAGT CCONTACT  FolOMGeoa kG,
46,62 TANAMAEIVE 1ra21 63,73
8l.61 ALASKA G,77 24,78 an,ng

178,87  ApLASKa 10,75 84,29 16,42

27C,13  ApLASVp 2, AR 843,460 -7,23

363,68 A Agwp .05 8BS .18 -3 g

363,41  CARNARVCN .61 23,37 -3n,_°8

424,75 SANTTIACC 1,41 25 44 30,98

4642,7C  RCSNAN bol 7 16652 YR YA

1’5("0‘? ALAS’(':\ “-’7 7e85 =54 454

484,11 CACNARYCN 10,11 22,13 -54,%¢

515,61 SamTrace 17,36 21,69 -84 54

533,76  RfSKAN 10,29 7,52 =77 ,1q

547.55 ALASVA fel5 346 ‘700‘-9

614,37 SANTTIACC 1.697 60,C7 ~T79,19

638,67 ALASYA Selh 22434 101,75

674,37 TANAMARTVY T.42 26,44 ~101,75

731.26 ALASKA 10435 4G .47 ~125,50

TeE 4R TANANATIVE 9,53 24,86 ~125,50

825,86 A ASKaA G,21 49,89 140,16

624,05 ALASYA R.00 BB,G4 172,71

115C.44  SANTTACC G610 223,40 130,08
118C,23 CaAnrARVCN Q.71 21,20 130,88
1225,56 RCEMAN 2,26 35,43 116,23
1243,61  SANTTIACC f,Cq 9,39 114,723
127¢6.56  CARNARVCNM 7.30 23,c9 114,723
131G6,6G6 RCEMAR 9.71 35,81 92,57
1408,77 ApLASK) 2,37 79,37 62,92
1466,15 TaNAMARPTVE 17, 54,C1 67,682
15C1.35 aALASKp Q.29 24,7 45,76
1565,23 ApLAcKA 10.75 R44,70 21..41
1686,5C Apfcera Q.16 83,81 -?,04
1783,46 AL ASVA faba 84,81 -25,70
187€,46 AL ASV) 4,74 86,39 ~40 35
1602,53 CAPNARVUCN 104736 22429 -40435
1635,18 SANTTACC 10,17 21.29 -4Q,35
1653,24  ReSvAp 10,32 7.89 72,01
1S67,67 ALASVA 6,17 4,1 -73,°01
2031,5C SAMTTACC fe58 57at7 =72,01
205C,C7 RCSMAMN 5402 11,69 -Gt b6
2058,6C AprSva 1,77 3,52 -9 66
206,06 TANAMATTVE 2,54 28,69 =GA kb
21sC.n1  ALASKA 17«78 514,20 -12M22
2185,61 TANANARIVE 10424 24,453 -120,32
2244,54 ALASKA a,71 46,09 ~143,97
2341,RG6  ApLASKA Sab6 87.24 -167,62
257C.68 SANTTACGC 771 223,63 145,07
26CC.62 CAPNARVCN .27 21,63 145,07
264€4,27 RCEMAN Re R 37,28 121,41
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IND

IUNIT

NLN

INIT

NVS

11
K1
K2
K4
12

K5

indicator specifying northerly (IND > 0) or southerly
(IND < 0) launch

indicator which specifies units for distance (IUNIT = 1
implies n, mi., IUNIT = 2 implies km)

line counter for page output

flag which indicates whether first station pass of cur-
rent day has been printed (if INIT <0) (used to suppress
"MINUTES SINCE LAST CONTACT" on first pass)

number of stations visible for more than minimum
visibility time on current nodal longitude case

loop counter
loop counter
index variable
index variable
index variable

index variable

Floating-Point Single Variables. --

ENM
EBT
ESP

EBTE
ESPE

HMX
HSM
BLANK
ASR
ANR

alphanumeric characters NAME
alphanumeric characters ORBT
alphanumeric characters STOP

alphanumeric characters ORBT (zero in place of letter
O; used in case of erroneous punch)

alphanumeric characters STOP (zero in place of
letter O; used in case of erroneous punch)

alphanumeric characters MAX
alphanumeric characters TOTAL
five blahk alphanumeric characters
alphanumeric constant SOUTH

alphanumeric constant NORTH
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DTR degrees-to-radian conversion

RTD radian-to-degrees conversion

PI2 0.5 times PI

PI 3.141592652

CRT earth rotation rate, radians/minute

ALAB alphanumeric indicator variable read from card

(should be equal to ENM, EBT, or ESP)

H orbit altitude, n, mi, or km

Al orbit inclination

THLBD launch-to-injection geocentric angle, deg

ELEV minimum elevation angle applicable to all stations
UNIT indicator which specifies units of distance (n. mi. if

blank, km otherwise)

CORR fractional increase in earth radius for refraction
correction
TMIN minimum allowable visibility time, minutes

ALOND east longitude of launch site, deg

ALATD north latitude of launch site, deg

TLB launch-to-injection time, minutes
TF final time, minutes
DIRE alphanumeric variable used in writing out direction
of launch
THLB launch-to-injection geocentric angle, radians
ALON east longitude of launch site, radians
ALAT north latitude of launch site, radians
AEQ geocentric angle from launch backward to hypothetical

previous ascending node, radians

P orbit period, minutes
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ARC

FEEL
RE
REC
HY
HZ
ODOT

DFEL

DFELD
SEMP

TSTLA
TSTLO

TEL

TAI

DIST

TSM

BFEE

FEE

FEED
TIME

- TLAG

longtiude increment from launch site to hypothetical
previous ascending node, radians

longitude of ascending node at time of launch
actual earth radius, n. mi, or km

RE - (1.0 + CORR)

y-component of orbit normal

z-component of orbit normal

eastward nodal orbit precession, radians/minute

eastward shift of ascending node in one orbit period,
radians (DEFL is always negative)

DFEL - RTD

temporary variable used in computing maximum geo-
centric angle to spacecraft

temporary variable used in writing station latitude, deg

temporary variable used in writing station longitude,
deg

temporary variable used in writing station minimum
elevation, deg

temporary variable used in writing orbit inclination,
deg

maximum slant-range to satellite, n, mi. or km

temporary variable used in writing maximum geo-
centric angle to satellite, deg

ascending node longitude at start of "orbiting day"

ascending node longitude at nodal crossing for
current orbit, radians

FEE +- RTD

time from start of "orbiting day" to ascending node
crossing or current orbit, minutes

time from "set' at last station prior to current
ascending node to time of current ascending node
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SX
SY
SZ

HDTS

TX

TY

TZ

TM
TX1

THP

FEEC

SA

TEM

SSF

STD

TIMP

TDL

192

x-coordinate of station
y-coordinate of station

z-coordinate of station

fi -+ 5 = cosine of geocentric station vector/orbit-
normal angle

x-component of projection of station vector on orbit
plane at ascending node

y-component of projection of station vector on orbit
plane at ascending node

z-component of projection of station vector on orbit
plane at ascending node

magnitude of station vector projection on orbit plane
TX/TM

in-orbit angle from ascending node to projection of
station vector on orbit plane

orbit ascending node, corrected for earth/orbit plane
rotation during time from ascending node to station
passage

minimum geocentric angle to satellite for current
nodal longitude case, radians

in-orbit incremental angle within station visibility,
radians

variable used as standard for comparison in sorting
station passes

variable used as standard for comparison in sorting
station passes

station acquisition time from beginning of day,
minutes

time since last contact, minutes




Arrays, --

TTL (20)

STA1 (30)
STA2 (30)
STA3 (30)
STLA (30)
STLO (30

EL (30)

C (30)
S (30)
CE (30)
SM (30)
T (30)

TAU (30)

EL.2 (30)

JVS (30)

K3 (30)
UN (2)

RET(2)

See Table A8

alphanumeric title information for output header
first four alphanumeric characters of station name
second four alphanumeric characters of station name
third four alphanumeric characters of station name
station latitude

station longitude

minimum elevation angle at station or minimum
elevation angle supplied by orbit data card, which-
ever is greater

cosine of station latitude

sine of station latitude

CE(I) = cosine of EL(I)

maximum geocentric angle to satellite, radians

visibility time at station for current nodal longitude
case

in-orbit time from ascending node to closest approach
to station

minimum elevation angle for particular station,
currently not used

JVS(I) - station number of Ith station contacted on
an orbit

index array used in sorting station passes
alphanumeric constants, n.mi., and km
earth radius values, 3443,9 and 6378. 2

Program Listing

193



IFN

ccct

cecez
cece3
CcCa
€ces
CcCe
ccov
ccio
cc11

cel2
cct3

CCla

CC15
Ccle

cc1
ccece
Cc21

cc22
cca23
CC24
cces
cclé
cc2?
ccan
cc3
ccaz
cc33
CC34
CCc35
Ccae
ce3az
Crag
CCal
nga?
CCa3
CCaa
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TABLE A8, - AUTOMATH 1800 SOURCE PROGRAM
LISTING - PICO

ALTCMATH 1800 SQURCE PROGRAM LISTING
EFN PROGRAM: PICO JoB: BALTES

DIMENSTON TTL(20)9STAL(30)+4STA2(30) +STA3(3C) sSTLA(30)+STLO(30)
1 EL(30)+C(30)95(30)+CE(30)s5M(30)sT(30)+TALU(30)+EI 2(30)>
2 JVS(30) 4KI(30) JUNI(2) 4RET(?)

30 FCRMAT (AG)

31 FCRMAT(1H1+37H ILLEGAL OR MISSTNG DATA HEAUER CARD )

32 FCRMAT (2044)

33 FCPRMAT (12)

35 FCPMAT (3A44+4X43F8,1)

37 FCOMAT (1Hl+33H NC NAME CARD PRINR TO CRBT CARD )

3R FCPMAT (4EBel A5 1X,1242F441,4ERe1)

42 FCEMAT(IHL 940X 023 % * X P 1 CN X % X /7 IXe20047/7734X,
1 37NCRT LAT. gAST LONGS M]N FLEV /37X93HDE6910X0
2 3HPEG,9X+s3HCFG//)

4% FCPRMAT (BH STATION 31332Xs384,9XsFTe246XsFTa245X4F7e2)

4% FCRMAT (/7 11k CREIT ALT= o FBelalX,sA5 /7121 ORBIT INCL= #F 7424
1 SkH DFGe./ 27K LAUNCH=TO=INMJFCTINN AMGLE= +F6,29+ 6H VEGs/14H ORBIT
2 FERTCN=  4FRe2.8H MINUTES/14H EARTH RADIUSz ,2PFs5el,y44H PERCENT O
IVER ACTUAI (REFRACTICN CORPECTIOM) / 14H MINIMUM TIME= ,OPF5.2,

4 4r MIN/ 29H wESTWARD SHIFT ©F ASC. NODE= «F7,2+11H DEG./ORBIT )
46 FCRLATL %2H STATICN MAX, ARPC RANGE VISIBLE (DEG) MAX, DISTs o
1 As /)
48 FCPMATI3X(12,14XeF7e2419X+FB0l)

105 FCRMAT (1nls 50k POST INJECTTOM CQVEPAGE SEQUENCE (INJFCTION TIWE=
1 9 F7e¢2419H MIN. AFTER LAUMCH) /17
2 19+  TIMF, STATICM,&4X 4 3PHMINUTES  MIMUTES STHCF  LAST ASCeND
3PE/TH MM, 216Xe37HIM SIGHT LAST CONTACT EoL0ORGesDEGe //)

106 FCPMATIFR 247X 3h4y FR,2¢AXGFT, 29 TX0FB,2)

170 FCRMATIFAL? 92X 43R4 4FRe2220%sFRa2)

182 FCRMAT (194 LAUMCH LCNGITUCF= ,F7.2,10H DEGe EAST/ 18H LAUNCH LATIT
1LEE= oF7.2411H DFCG. NCRTH 7 21H LAUNCH VELCCITY HAS o AS5s 14HERLY
2CCHPPANENT/ 2AF [ AUNCH TO INJrCTINN TTIHE= 3 Fbe2y 5t MINe/

3 12b TOTAL TIMF= 4, F10e2¢5H Mliile //)

FNVM = 4HNAME
FET = 4HORPT
FSP = 4uSTOP
FpTE = 4HORRT
FSPE = 4HgToPR
HNX = 6H MmAX
FSM = AL TOTAL

LNEL) = sHNGMIL
UN(2) = 5RHKM,
FET(1) = 3443,9

RET (2) 6378,2
PLAMK = B4

ASR = SHSQUTH

ANP = BHNQRTH

MYz 0

rir CeN1T7453202%

BTN = 5742957795
PI? =14570794324
Pl = 3.141592652




TFA

Cras
CC46
CCa?
CCsC
cchl1
ccs?
cCcR3
CCs4
CCH5
CChe
o7
Ccee
CCk1]
CChn2
CCed
CCr4
CCrkS
CC&b
CCev
ccr0
cc71
CC12
cc73
CC4a
cCcrs
cclé
ccr
cycc
C1C1
cice
clica
C104
cics
Cice
c1c7
c1ic
cin
C112
C11?
Cl114
C11%
G116
cr17
cr2¢
c121
ci127?
C127
C124
c125
C126
C127

TABLE A8. - AUTOMATH 1800 SOURCE PROGRAM

EFN

l:

l‘)

1n

4

11

3¢

LISTING - PICO - Continued

ALTCMATE 1800 SOUKCE  FROGRAM

PRAGRAM:  P1CO JOR:

CRT = 4,3752439F-3

READ(5430) ALAR

TEOALAR GF0. Enty GC T 10

TF AL AR oF0. ERT JCRe ALAR F (s FeTEY GO T
TF(ALAR FN, ESP CRe ALAR FQ, FSPE)Y GO Tt
WRTTE(9,31)

10 1

A8 ol |

NV = 99

READ (5932 (TTL (1)1 = 142M)

REAL (S433) NET

PC 34 T = 14NST

LISTING

TAPTES

READ (5435)  STAVTUI)YoSTA2UTYaSTAI(TyeSTLA(Y ) «STLG (1) 9EL (1

STLat]IY = STLA(T) * DIR
STLO LYY = STLC(T1Y » M1
Ly = Fpily = pIR
C{T) = COSISTLA(Y))
FL2¢TY = FLA(T)

S(TYy = sIndsTha (1))
CLUYY = COS(FLU(Ty)
CCMTINLF

CC 1c 15

TF (MM oGTle ?) G T 34
ARTTF (9937,

cC 10 13

PEAD(543R) Ho AT JTRLOD G HLEVL UM YT (TP JCORR T ThALQED ALATD  TLR T
~IRE o= ASR

TE (IR, CT, Ny PIKE = £r0R

AL = pl * DIR

FLEV = FLFV % DIR

THL = Jepp % N7

ALCN = ALCMD * PTR

ALAT = ALATE * DR

AEr = MBS (ASTNISINCALAT)I/STM(AT)Y)
TEOINDWLTLM) AFC = T = AFC

TH (A AT I Te Gy b0 = 240 % D] = AFQ
AEFP = AFC = TIE % 260 * PI / ¥

ARC =2 ASTINCISIN(ALATIRCOSEATY )Y Z Le [P (AT *COS (ALATY )

FEFL = ALCM - pARC
TE (TP o1 Te O) FEEL = ALCM & ARr = P1
e T = 2

TFOUNTT JFG,e RLAMEDY TURIT = )
"t = RFT(1HINTTY

PEC = PE % (140« COFn)

-y =SIR(AL)

bL Crs(ar)

PC 40 Tzl M6T

FLOTY = F12(1)

TE (FLFy JEa FLET)) €O TC 40
FLUY = FIFY

CElTy = COSUFIFV)

non
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TFN

C13C
€121
122
133
C134
c138
C13¢
Cl?’
Cl140
Clal
(1a2
C143
Cla4
1485
Clas
rl14a7
ciscC
181
(182
£1e3
C154
C1R5
(18-
£157
€160
Cl1ée1
C1r2
(14,3
Cléesa
Cles
Cl1aek
C167
C17C
171
172
£173
c174
€175
174
Ci17
Cz2C0
t2Cl
CoC2
(23
(2C4
c2cse
(2r¢&
(207
c21¢
c211
c212

196

TABLE A8, - AUTOMATH 1800 SOURCE PROGRAM
LISTING - PICO - Continued

EFM

PRAGEAM:  PICG Jon: BALTES

40 CCMTINLF

39 °

41

47

161

160

4

cLed
NEF

NS
rc 41
(‘_El‘};

SEME

st"P

SV
SV 1)
cerrt
YRTTFE
NC 47
TETI
TeTI e
TEI =
WRTTF
CChy Y
TAD =
WRTTF
Wk11F
WRITF
Y‘C “7
rIct

TSY =
VRIIF
cerTY
NEFE

FFFEP
WRTTF
MM o=
FEF =
TP (F
FEF =
(Q 10
FLFL

TNTT

TiMe

TL! ¢

rec un
&X
<y

"on

Tx! =

ALTCMATE  Ya00  SQURCE  FROGCRAM  LISTING

T8AG49% {L(HIFF) /RE) *% 1,5)

z=14211525F=4 % COS(AT)/ (1.0 + H/FE)*¥3,5
= P x (MPCT = C(RT)

= -CFEL *RTEL
T = 14NST
= RFe * (F(1)/ (KFFC + H)
= §FwD / SCRT(]s - SEMP % gFMDP)
= ATAN {SFmp)
= P12 - FL(]y = SEMP
S LIY ¥ (1.0 + CCRT)
NUE
(9.4?)(11[(])9 ] =1470)y
I = 14NST
= RTD * sTLa (1)
= RIN % sTLC (D)
RTR * FL (1)
(Ga44) ToSTALLT) aSTA2 (T oSTAB(T) s TSTLASTSTLOWTFL
NUF
Al % RTD
(5945) HaUM(IULTTY o TAT o THI PDyP 4 CORRITHINSDFEL D
(99182 LLONDGALATD oM IPE ¢TI 2aTF
(g94A) Un(TUNIT)
I = 1,4M51
= SIN(SMITY) * (RE+H) 7/ STRI(PTIZ2+EL(]))
SVMIT) * ETD
(G448) 1475V IST
NLE
= FFFL = PFFL ® LEq / (2,0 * PI)
= RFFE * RID
(94105) TIR
7
PFFE
FF o¢Te (-p1 y) C; TC 180
FFF + 2,0 % P}
191
= FFF ® RT1M
= 100
= =P * AFC /7 (2,0 % Py
= 000
1 = L NST
Cl1)y * CCSUST n(]) =FFF)
Clp) * SIMUSTIC () =FFE)
S

= QY#HY + q7%H7

SX

SY - HYRHPTS
S7 = HZ#*HMDTS
SCRT(TX%TX + TYXTY + T2%77)

TX/TM™
0s0




TABLE A8. - AUTOMATH 1800 SOURCE PROGRAM
LISTING - PICO - Continued

ALTCMATH  1R00  SOURCE  FROGRAM  L1STING

TFN EFN PROCRAM:  PICO Jon: BALYES
c213 IF (ABS(TX1) +GT. 0,000001) THP = ATAN(SQRT (1,=TX1%TX1)/TX1)
C214 1F (TP ,GF, 0.0y C TO 51

C21s IF (T2 «GFe Dep) GO TC 52

c21¢ THC = PI ~ THP

c217 GC TC K3

€220 52 TFP = Pl + THP

C221 GC 1r s3

Cz22 51 TF (TZ 4LTe Na() THE = 240 % PT = THP
€223 52 TAL(T)Y = P % THP /(2.0 * PT)

C224 FEFC = FEE « (CDOT = CRT) * TALI(T)
€225 SX = CUI) * CCS(STLCU(I)Y = FEFQ)

C22¢ SY = C(]) * SIN(STLC(1) - FEFQ)

Cc227 FCTS= SY®UY 4+ S7%p7

€230 SA = P2

€221 TE (ARS(HRTS)Y oiTe Ce9995G9) SA=ATANCAESIH TS)/SORT (1e=HRTSRHDTS) )
€232 T{I) = Q.0

€213 TF (SA GFE., SM(1)) CGC To 50

C234 TEN = CCS(SML{1)y) / COS(SA)

€235 . TEVM =2 ATANISORT (140 = TEMKRTEM) /TFpN)
c23¢ T(T) = P % TFEM , P71

€237 5C CCNTINLE

C240 - NyS = ¢

C241 C 100 1 = 14NST

c242 TE (TUT) aLTe (TMIN + peporol)) ©°C 1IN0 lgp
C243 MVE = NVS s

C244 JVE(NMYSy = g

€245 1er CCNTINLE

C245 TE (My® WGTe Q) GC 16 101

C247 TLAG = TILAG + P

c2s50 cC 10 161

€251 101 SSF = «1Nn00,.n

C252 TC 120 11 = 14pVS

€253 STR = 1000.0

€254 FPC 140 K1 = 1anVS

€255 ¥2 = JVSi(k1)

€256 TR (TAL(K2) JCF. STD) GO IO 140

€257 TF (TAU(K2) LF. SSF) GO TN 140

C2¢60 STP = TAU(K2)

cr2el K3(11) = k?

262 Y40 CCMTINLE

C263 SSF = STD « N,00001

C2¢64 120 CCMTINLE

C245 Y4 o= k(1Y

C2¢66 TIME = TALIKG) « TINF = 04% % T(kg)
C267 TFCTIVP ,G6Te TF) CC TC 15

c270 TROETIMD & TU(K4 &L Te TUHY GO TO 175
€271 TEV = TAUIKGY & TLAC = 0,5 % T(Ka)
€212 TFUINL ol Te NeQ) TRL = 0.0

€273 TF (INTT JtE. ) GO TC 205

€274 TF (MLN 41 T, 58) Co TC 200

c21% WRTTF (gy105y Tip
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c216
c217
3(C
cacl
€302
c2C3
Cc4
C3Ch
Cace
oxcTow
(SRR
c211
Ca12
€313
€214
C21s8
C3le
Cz21y
c32C
C32]
€322
€323
C324
Cire
C32¢
C3227
230
ca31
€332
€213
C23y
cas
T
€337
C24C
C341
€342
C343
C2g44
Ca45
C34¢
C247
C2s(C
Cat]

TABLE

EEN

2an

2Ck

180

1ef
167

161
164

16%

A8. -AUTOMATH 1800 SOURCE PROGRAM
LISTING - PICO - Concluded

ALTCMATR  1RNO SQURCE  FFOCKAM  LISTING
PRACREANM:  FICO JOk: PALTES

SR

WETTE (91703 TIMPaSTAL(KSG) s5TA2 (K4) ¢+STA3(KG) 9T (K4) oFFED
NLA = ONLN &

INTT = =100

C Tc 178

TF (MLN o1 Te 55) GO TC 180

LRTIF (Ga1N5) TR

MM = 7
hRV[F(qqloé)TIND.STAl(KQ)ocTAZ(KG)9STA3(K4)»T(K4)qTDL'FEFD
MU T ONLNM o+ 1

TE (MVE 1 Fe 1y G T 162

rC 10 K1 = 2sAVS

11 = K2{KY)

12 = K3(v1=1)

TIMiE = THGULIY) + TIME = 05 % T(T1)

TP (TIvp .GT, TFy Gr Tp 15

TE (TI™P & T([1y, 1T, TLRy GM TC 160

TOL = TAU(TLY = TAUCI2) = Nes * (TCI1) , T(12)})
TFOIPL ol Te Ne0) 0L = 04C

TEIMIT o Fe 0) G Te 206

TF (MLN 1T, 5%y c0 TC 201

WRITE (94105) TLR

b‘LI‘ = 7

PRTTE (9e170) T apeSTALLIL) sSTAZ(T1YaSTA3 (L) #T(11ysFFED
MM = MLN &

T’\‘TT = -10”

CC TC 160

TE (MM 41 Te 5%)Y €0 TC 198

WRTITF (94105 TIR

NEN = 7

WETIF(G410A) TIMPSSTAT (I1)aSTA2(TL) 4 STAZ(EL1Y T (I sTNLLFFED
MM o= NLN ¢

CCNTIMLE

K5 = K3 (NYS)

TLAG = P = TAU(KS) = (o5 * TI(Fs)

FEF = FEE + DFF)

TF (FEF oGTe (=1 )) GO TC 195

FEF = FEF + 2,0 % P1

cC 10 lg4

FEFL = FFg % RID

Tive = TimuF + p

P (TIME LLE, TFy GC TC 4

cCoir 1s

T
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APPENDIX B
STADAN TRACKING CAPABILITIES AND SYSTEM DESCRIPTION
This appendix contains general data on the tracking systems at STADAN
stations.
There are two satellite tracking schemes available in STADAN. These are
the Minitrack and the Range and Range-Rate system. The general charac-

teristics are as follows:

'Y Minitrack:

Receiving frequency

Receiver noise figure
Minitrack antenna gain
Ambiquity antenna
Tracking accuracy

In-Track error
Range and Range~Rate system

vhf Transmitter frequency
vhf Receiver frequency

S-band transmitter fre-
quency

S-band receiver frequency

vhf or S-band transmitter
power

vhf receiving antenna gain

136-137MHz £750 Hz
1 KHz steps

3 dB

16. 3 dB above isotropic

6.4 dB above isotropic

0.3 milliradian (topocentric)
300 m

148 MHz
137 MHz
1801 MHz

2253 MHz
1 kW or 10 kW

33 dB

Tracking accuracy (each station)

Range
Range-rate

In-track error

+15m
0.1 m/sec

100 m
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The stations associated with the Minitrack and the Range and Range-Rate

system are identified below.

Stations

Alaska
Orroral
Carnarvon
College
Fort Myers
Gilmore
Johannesburg
Lima

Quito
Rosman

St. Johns
Santiago
Tananarive
Winkfield

Minitrack

X

The geodetic locations of these stations are presented in Table G1 of
Appendix G.
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APPENDIX C

POST INJECTION S-BAND RANGE/RANGE-RATE
TRACKING COVERAGE SEQUENCE
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APPENDIX C

POST INJECTION S-BAND RANGE/RANGE-RATE
TRACKING COVERAGE SEQUENCE

This appendix contains the sequence of tracking station contacts (tracking
coverage) for the S-band Range/Range-Rate system during the first 10 000
minutes of the orbit. The first page of Table C1 provides the listing ot

input parameters and the following pages of the table provide output data on
minutes in sight, minutes since last contact, last ascending mode east longi-
tude (degrees), and revolution number,
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TABLE C1.- POST-INJECTION S-BAND RANGE /RANGE RATE

TRACKING COVERAGE SEQUENCE

PCST=INJFCTION S-BANM RANGF/9ANGF-RATE TRACKING CCVERAGE SEQUENCE

NCRTH LAT, EAST LOMGY

RFC nEer

STATICN 1 At AsKA 65,00 212,50
STATICN 2 (CARNARYCA -24,50 113,40
STATICN 3  ROSMAN 35,20 277,10
STATICN 4 SANTIAGC =-33,10 289,30
STATICN 5 TANANARTVF -18.50 47,30
CRRIT ALT= RONLC Kiva

CREIT INCL= 97,38 Pec,

LALNCR=TC=INJFCTINN ANCLE= 20400 NEG.
CRBIT PERICD= S4,62 NINUTES

EARTE RACILS=z 33,0 PERCFNT CVER ACTUAL (REFRACTTQON CORRFCTION)
MINIMLM TIMF=  ,CC MIn

WFSTAARE SEIFT CF ASCa NCRE= 27,45 NFGL/0RRBIT
LALMCH LCNGTITHRF=s =12C4%3 DFG, FAST

LALNCR LATITURE= 34e7FH DEFe NORTH

LALNCE VELCCITY RAS SCLTHFRLY COMPONENT

LaLNCE TC INJFCTICN TINFz 1C.00 MIN,

TCTAL TIME= 10NC0L0C NMTie

STATICM MAX. ARC RANCGF VISIRLF(NEG) MAX. CTST KM,
1 15,78 18528
2 15,738 1R52,.8
3 15.28 1852 R
4 15,38 1852 ,8
5 15438 1852 ,R

MIN ELEV,
DEC

10,00
10.C0
10,G0O
10,00
10,00



TARLE C1, - POST-INJEZCTION S-BAND RANGE/RANGE RATE
TRACKING COVERAGH STMTUENCE - Continued

PCST INJECTICM CCVEPACE SFGLENCF

TINE,
MIN

5Re25
53,04
187,09
281462
4C4,.,51
453,66
465,39
52712
544,58
556437
645 ,6R
6R%,20
742429
778411
837,46
1161423
1191,88
1237.05
1255,48
1331416
1477427
1512.54
16C€.43
17¢C,85
1914.55
1646,30
1964425
2066466
2161480
219¢€,82
2256431
25R1,R2
2611458
265777
2673457
2706463
275C,.C5
28G6467
2632412
3025%.79
312C,12
3215414
3334,15
3365474
3383,87
3462404
3481.09
348G,75

STATICN

TANANARIVF
ApLASka
ALAGKA
ALASKA
CARNARVCN
RCSMAN
CARNARVCN
SANTTAGC
RCSMAN
ALASKA
ALASKA
TANANAG[VE
AL AskA
TANANAR IVE
AlLASKA
SANTTAGC
CARNARVCN
RCSMAN
SANTTACGC
RCEMAN
TANAMAPIVE
Al_AgKA
ALASK A
ALLASKA
CARNARVCN
SANTTAGC
RC SMAN
ALASKA
ALASKA
TANAMAD TVE
ALLASKA
SANTTACGC
CARPNARVCN
RCSMAN
SANTTAGC
CARNARVCN
RCSMAN
TANAMAPIVE
ALASKA
ALASKA
ALASKA
ALASKA
CARNARVYCN
SANTIAGC
RCSMAN
SANTTAGC
RCSMAN
ALASKA

MTHUTFS
SIEHT

7.52
7.54
7,73
5433
.18
3,12
7.31
7.58
7,77
2.58
G R4

6,91
5,640
Aol
N4
7.M
5¢24
T.h17
781
hel6
e 09
b 1h
2.0

7.7
T4
TeR2
helh
1eb6h
R-Qé

MINUTES SIMCE
LAST CONTACT

(INJFCTION TIMF=

27,28
86,51
86469
117,56
46,27
38,31
24,41
G RE
6,52
87.73
28,609
51.76
21,173
53,48
317,70
d3.50
374,47
12.¢6
710 .61
139452
27.20
86,51
REL40
207.59
23,72
9492
97,33
RS a4?
PAaPR R
51,51
118,59
24438
39469
13,16
25,96
37,8R
138,95
27464
B750
86,05
RR 27
116,70
23,67
10,71
71035
14,90
1.20

10,00 MIN,

LAST ASCeNNDE
Fol NNG4 3y PEG.

61423
37,58
13,92
-0573
«33,38
-57.04
-57,064
-57,04
‘8n069
-80,69
-106435
-106,35
«128,00
~128,00
151,66
137,38
137,38
113,73 <
113,73
AN, 07
6hetl
42,76
19,11
-4 .54
=51,85
-51,485%
-75,51
-99,16
=1272,82
-127,82
-14Ah,47
1a2,57
142457
11r,91
118,91
118,91
38,26
T1e61
47,95
24430
el
'21001
~4b 467
464,67
-70,32
‘70.32
-~33,97
-91,97

AFTER

REV.,
Fi0e

T 0 N o e

>

VLDV NOIDT

14

24
30
31
1
32
33
34
36
36
36
37
37
37

LALTICH)
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TABLE C1, - POST-INJECTION S-BAND RANGE/RANGE RATAZS
TRACKING COVERAGE SECUENCE - Continued

PCST INJECTICM
TIME, STATICN
MIN,
3581442 ALASKA
316,08 TAMANARIVE
375,35 ALASKA
40C4433 SANTTAGC
4C32.42 CAPNARVCN
4CG3,05 SANTIACGC
4125,3C CAPNARVCN
4165421 RCEMAN
431¢.49 TANANARIVE
4351 .85 ALASKA
4412,17 TANAMAPIVE
4445,17 ALASKA
453G441 ALASKA
4634414 ALASKA
4754,18 CARNARVCN
4785,55 SANTIACGC
4803487 RCSMAN
48645436  CAPNARVYCN
488C.2C SANTTACGC
48BGRL24  RCEMAN
4G06,9¢6 ALASKA
50Clela ALASKA
5035.79 TANAMAFIVE
5094454 ALMSKA
5161,06 ALASKA
5512453 SANTTACC
5544,1G6 CAPNARVCN
5586462 RCEMAN
5685,83 RCSMAN
5737,19 TANAMAPIVE
5771.55 ALASKA
5830 ,22 TANAMARIVE
5R864,5G ALASKA
5658471 ALASKA
6053430 ALASKA
6174481 CARNARVCN
€206,52 SANTTAGC
6224440 RCSEMAN
6267433  CAPNARVCN
62G68,53 SANTTAGC
6316.R0 RCSMAN
633C.31 ALASKA
642C.97 ALASKA
6456,00 TANANARIVE
6513,R6  ALASKA
655C,.50C TANAMAR TVE
E60Ga44 ALASKA
£€632,38 SANTTACGC

CCVERACE SEQUENCF

MTHGTES

I

RICGHT

7.86
7,08
7649
e15
3,10
7,88
717
2,18
heot2
4,95
4,17
R,O0
7,27
3.75
7.1¢8
R.q3
FeQ2
3,48
6455
“-74
Q.Rq
756
7.78
7. R5
3,78
’,08
7.58
789
1.29
3,57
2499
fe79
7.75
767
4qa82
5,31
1,67
5409
helQ
768
7630
3440
7,13
A5G
R 04
4,39
5643
Tebb

(InJFCTICN TIMF=

MINUTFS SINCF
LAST CONTACT

86,20
26,80
51.19
321.49
27.93
57,53
244,37
36,75
139,20
2874
55,37
28,83
Bbholh
BT 446
116,28
24,20
12439
38,60
27,32
11449
549K
RO b4
27.09
50496
B8R, ET
317.6R
23,58
3h.46
89,37
50407
31.19
55 e 3R
27.58
R6 437
86.92
116469
264,40
15,91
3784
25,10
10,19
6e2]
R7a26
27.90
51,27
28,60
54,56
317.50

10,00 MIta

1 AST ASCeNODE
Fol. ONGe 4PEG,

“117,63
=117,63
-141,28
1(+7.75
147,75
124,10
124,10
100,45
7().79
53,14
53,14
29,48
5eR3

-]l 74R3
=41448
41,48
"‘6‘;013
-65413
-65,13
-8R.79
-8R, 79
-112.44
-112,44
-136.]0
-159,75
129,29
129429
105463
81,98
8198
52432
5R432
34,67
11,02
"12'64
~36429
-35.?9
-59,95
-5G495
-SQ.QS
-83,60
-83,60
-107.26
-107,26
-130,91
-130,91
-15‘0.56
134,47

AFTER LAUNCH)

REVe
IO

38
39
39
43
43
44
44
45
46
46
47
47
48
49
51
51
51
52
52
52
52
53
54
54
55
59
59
60
61
61
6?2




TABLE C1, - POST-INJECTION S-BAND RANGE/RANGE RATE
TRACKING COVERAGE SEQUENCE - Concluded

PcstT INGECTICM

TINES
MINa

6G662,41
7008430
TC28 .18
71C3,21
724601
72R4,C5
7378,C4
T472,51
1686420
T717.96
7735485
775C465
T84CeS0C
7877411
7633,30
1568,69
8028e17
8352465
8382457
B42R,42
8445465
8479.65
8521.,R7
8668420
87C3,58
8767438
88G1,77
8G87,26
S1C5,56
G137.25
G155,28
G26(C4S3
9352,85
G387.68
9447411
G773,60
9803.C4
GBEG T4
GRGT7 4,36
GG4C .89

STATICN

CARNARVCN
RCEMAN
SANTTAGC
RCSMAN
TANANARIVE
ALAGKA
ALASKA

AL ASKA
CARNARVCN
SANTTAGC
RCSVAN
ALASKA
ALASKA
TANANARIVE
AL ASKA
TANANARIVE
ALASKA
SANTTAGC
CARNARVYCN
RCEMAN
SANTTAGC
CARNARVCN
RCSMAN
TANAMARIVF
ALASKA
ALASKA

AL AsKA

AL ASK A
CARNARVCN
SANTTAGC
RCEMAN
ALASKA
ALASK A
TANAMARTVE
ALASKA
SANTTACC
CARNARVCN
SANTTAGC
CARNARVCN
RCSMAN

CCVFRAGE SFQLENCF

MINHTFS

IN STCGHT

f.C1
T.04
2,79
5456
TeR7
7.32
7.63
5.69
773
R.08
7498
172
6458
3.71
R,08
6,50
be48
6655
7476
Sel7
Aell
2498
7.17
R.06
6,66
2,07
bebl

P2
R,Cq
7485
R-C4
5460
7.Q8
7.51
Tel9
4424
54,37
7449
628
7.92

(INJFCTION TIMF=

MINUTES STNCE
LAST CONTACT

23,37
36,88
12,85
72.24
140,23
27.18
86,66
86,54
208,00
24,03
9.81
T.l1
88.22
29.64
52,48
27.31
52.58
318,00
23,77
38,19
12.36
27.59
39,24
139,17
27.32
RT.14
86,31
89,09
117,48
23,60
10,17
97,61
86,03
26.84
51,53
319,30
25%.20
56,33
25.13
37,25

LAST ASC.NODE
F.LONG.’DEG.

134,47
110,82
110,82
RT416
63.51
39,86
16,20
=T7.,45
54,76
=564,76
=T7R,41
'7904]
-102.07
=102.,07
-125,72
-125.72
-149,38
139,66
139,66
116,01
116,01
116,01
92,35
68,70
45,04
21439
-2e,27
-25492
-49,57
-49.57
-73'23
G688
-120,54
=120,54
=144,4,19
144,85
121419
12119
97,54

10,00 MINe AFTER LAUNCH)

REVe
NOe

74
75
75
76
77
77
78

106
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APPENDIX D
S-BAND RANGE/RANGE-RATE TRACKING COVERAGE PROFILES
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FRECEDING PAGE ELANK NOT FLMED.

APPENDIX D

S-BAND RANGE/RANGE-RATE TRACKING COVERAGE PROFILES

This appendix contains the tracking station contacts for the S-band tracking
system during a typical day of the operational lifetime. The first page of
Table D1 provides the listing of input parameters while the following pages
of the table provides output data on minutes in sight, minutes since last
contact, and last ascending node east longitude (degrees).
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TABLE D1. - S-BAND RANGE/RANGE-RATE TRACKING
COVERAGE PROFILES

S=BANC RANGE/RANGE~RATE TRACKING COVERAGE PROFILFS

STATICN
STATICN
STATICN
STATICN
STATICN

& W N

CREIT ALT=
CrEIT

INCL=

At ASKA
CARNARVYCHK
ROSMAN
SANTIACGC
TANANARIVF

500e0 KN

97.38 DECG.

NCCAL LCNGITURE STEP SIZE=
CRBIT PERICE=
EARTE RACILS= 33,3 PERCFNT CVFR ACTUAL

MINIMLM TIMEz 1,00 MIN
WESTWARD SHIFT CF ASCo

STATICN

W w N

EAST LONGITUDF ASC. NCCF (TIMEz0) 3

TINE,
MINa

25.83
12Ca61
236.80
271441
28G,.,52
36758
365,36
487,C8
521477
5814C8
905.C1
937,82
998,76

1031.C9
1074453
1222,10
1257,49
1318.15
135C.87
1445412
1536,87

NOPE=

1400

94462 NINUTES

MAXe ARC RANGF VISIBLF(NEG)

1539
15439
15439
15439
15.39

STATICN

ALASKA
ALASKA
CARNARVCN
SANTIAGC
RCSMAN
SANTIAGC
ALASKA
ALASKA
TANANARIVE
ALASKA
SANTTAGC
CARNARVCN
SANTTAGC
CARNARVCN
RCSMAN
TANANARIVE
ALASKA
TANANARIVE
ALASKA
ALASKA
ALASK A

MINUTES

IN SIGHT

6469
2,08
R.C2
7.55
T.89
3,67
557
790
8,07
Te43
2.08
3,78
7482
7.01
2,06
6,84
Selé
3461
9,02
7,22
3,61

NORTH LATs
DFG

65400
-24,50
35,20
-33,10
~18,50

NEG.

23+65 DFG./0RBIT

MINUTES SINCE
1LAST CONTACT

88,39
116.81
23.59
10.56
70.57
23,70
86,15
26.79
51.24
320,49

26.73

57.16
24451

36,83

139,11

28,55

55452
29.11
86422
87,54

EAST LONG»
NEG

212,50
113,40
277.10
289,30

47.30

MAXe DTST KMe

1854,0
1R54,0
1RS4,0
1854,0
1854,0

«00 DEG

MIN ELEVe
DEG

10,00
10,00
10,00
10,00
10,00

(REFRACTION CORRECTION)

LAST ASC.NODE
Fol.ONGe +PEG,

«00

=23465
w4731

~70,96

-94,62
-118,27

-141,93
-212.89

«236,4,54

=260,20
-283,85
=307,50

-331,16
-354,81
-378,47



TABLE D1. - S-BAND RANGE/RANGE-RATE TRACKING

EAST LONGITUDF,ASC, NCCF

TINE
MIN,

25483
120,82
239,90
271,47
286,62
367464
386046
395,53
487,16
521.81
581.05
938,34
598,76

103C.58
1074493
1222426
1257,6¢C
1317,75
135C.50
1445,12
1536,84

EAST LCONGITULF.ASC, NGCF

TIVE,
MINe

25.84
12C. 76
240,02
271455
28G.74
367437
385,86
395,70
487424
521.87
581,03
67886
958,78
1c3C,.88
1074,54
1222445
1257‘73
1317,44
135C,92
1445,13
1535.82

COVERAGE PROFILES - Continued

STATICN

ALASKA
ALASKA
CARNARVCN
SANTTAGC
RCSMAN
SANTIAGC
RCSMAN
ALASKA
ALASKA
TANAMARIVE
ALASKA
CAPNARVCN
SANTTAGC
CARNARVCN
RCSMAN
TANANARIVE
ALASKA
TANANARIVE
ALASKA
ALASKA
ALASKA

STATICN

ALASKA
ALASKA
CARNARVCN
SANTTAGC
RCSMAN
SANTTAGC
RCSMAN
ALASKA
ALASKA
TANANARIVE
ALASKA
ALASKA
SANTTAGC
CARNARVCN
RCSMAN
TANAMARIVE
ALASKA
TANANAR IVE
ALASKA
ALASKA
ALASKA

MINUTFS
IN SIGHT

6e R0
2etth
7.95
7.36
7,79
4440
24,17
Se41
TeR5
Re09
7652
2465
Te92
T.26
3,09
6450
44,85
4,46
7459
Te31
1,85

MTINUIFES
IN S1CHY

6,91
2.6
7,95
Tela
Te56
4,99
3,17
Helb
7.R‘G

8,08

7.61
1426
8,00
7o 47
a,0q
6,10
44,54
5,13
7,96
7e39
4,07

(TIME=

(YIMF=0) =

0) = 1.00 DEG
MINUTES SINCE
LAST CONTACT

88,19
116,63
23,63
10,79
70,23
14,41
6,90
86,22
264,80
51,15
349,77
57477
24,29
36.70
139,25
28,84
55.29
28,68
B6e23
87,41

2.00 DEG

MINUTES SINCE
LAST CONTACT

88,01
116.50
23.69
11,04
69,97
13,49
6448
86,29
26,8
51,08
90,22
318,66
24,10
36,59
139,42
29.18
55,17
28,36
86425
87.29

LAST ASC.NNDE
Fol.ONG, +DEG,

1.00
-22'65
-hbe31

-69,96
—93'62
-117,27

-140,93
-211,89
-235,54

=259,20
~282485
=306,50

-330.16
~353,81
«377,67

LAST ASC.NODE
Fel.ONGe+DEG,

2,00
-21,65
-45,31

-68,96

“92,462
~116,27
-139,93
-163,58
-234,54
-258,20
-281,.85
-3p0%.5%0
-329,16

-352,81
376447
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TABLE D1. - S-BAND RANGE/RANGE-RATE TRACKING
COVERAGE PROFILES - Continued

EAST LONGITUDF.ASC, NCECF (TIME=z0) = 3,00 DEG
TINE, STATICON MINUTFS MINUTFS SINCE LAST ASCeNODE
MINe IN SICHT LAST CONTACT F.LONG.DEG,
25484 ALASKA Te01 3.00
120,70 ALASKA 3,05 87.84 =20465
240,15 CARNARVCN 7¢72 116,40 e44,31
271464 SANTUAGC 6489 23,717
28G487 RCSMAN 7451 11,33 “67496
367,14 SANTIAGC 549 69,76
385,45 RCSMAN 4,19 12,82 -91,62
365,88 ALASKA 5407 6,24
487433 ALASKA 7.75 B6,37 -115,27
521.95 TANANARIVE R,05 26,87
581,01 ALASKA 7.68 51,02 ~138,93
67834 ALASKA 2425 89.65 162,58 *
668,82 SANTTAGC 8.05 318,22 233,54
103C.80 CARNARVCN 7465 23,93
1074,57 RCSMAN 8,07 36,52 257,20
1222.68 TANANARIVE 5462 139,64 =280,85
1257.87 ALASKA 4419 29.57 =304.50
1317.19 TANANARIVE Seb67 55413
135C.95 ALASKA 7.91 28,09 =-328,16
1445414 ALASKA Te47 . 86427 ~351,81
1536,80 A{ASKA 4,28 87.18 =375,47
EAST LONGITUCF ASC, NCCF (TIME=0) = 4,00 DEG
TINE, STATICN MINUTES MINUTFS SINCE LAST ASCeNODE
MINe IN SIGHT I.LAST CONTACT E.LONGa o DEG,
25.85 ALASKA 7e11 4,400
12C466 ALASKA 3,32 87.70 =19,65
24C4.31 CARNARVCN 7.56 116,33 -43,31
271.75 SANTIAGC 6e60 23.89
29C.C1 RCSMAN 7433 11.66 =66,96
366,54 SANTTAGC 562 69,60
385,13 RCSMAN 4484 12.27 «g0,62
366406 ALASKA 4490 6410
487,42 ALASKA 7469 86,46 =-114,27
§22,C4 TANANARIVE 7.98 26,93
581,00 ALASKA 7.75 50,98 -137,93
67799 ALASKA 2691 R9.24 =-161,58
998486 SANTTAGC 8,08 317.96 ~232,54
103C.73 CARNARVCN 7679 23,79
1075.00 RCSMAN R,03 36,47 «256420
1222.55 TANANARIVE 5408 139,92 «279,85
1258403 ALASKA .80 30.03 =303.50
1316,68 TANANAPIVE 6413 55,15
135C,$8 ALASKA 7,87 27,88 -327,16
1445,15 ALASKA 7455 86430 -350,81
1536,78 ALASKA 4448 87.C8 =374 ,47
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TABLE D1. - S-BAND RANGE/RANGE-RATE TRACKING
COVERAGE PROFILES - Continued

EAST LCNCITUCF«8SC, NCCF (TIME=zN) = 5,00 DEG
TINE, STATTCN | MINUTES MINUTES SINCE LAST ASCeNODE
MINe Ir SICGHT 1LAST CONTACT F o l.ONGesDEG,
25.86 ALASKA 7421 5.00
12Ce62 ALASKA .“.57 87.56 -]lRG 65
24C,48 CARNARVCN 7437 116,29 -42431
271.88 SANTIAGC helb 24,04
29C4.18 RCSMAN Tel2 12.04 -65,96
336432 CARNARVCN 2449 39.03
366,77 SANTIAGC 29 27.96
384137 RCSNAN 5.37 1].81 "89062
3G6e25 ALASKA Ge71 601
487451 ALASKA Teh2 86,55 -113,27
522,14 TANAMARIVE T.79 27,01
58C459 ALASKA 7,81 50,96 -136,93
67772 ALASKA 3,43 8R.91 =160,58
598492 SANTTAGC R,09 317,78 =231,54
103C.68 CARNARVCN 7,91 23,66
1075.04 RCSMAN 7497 36,45 -255420
1223,28 TANANARIVE 4434 140,28 =278,85
1258421 ALASKA 1,34 30.60 -302450
1216.,80 TANAMARIVE 6452 55,24
1351,C2 ALASKA T.R1 27,70 =326,16
1445,16 ALASKA 762 86433 -349,81
1535,76 ALASKA 4,68 86,99 373,47
EAST LCNGITLULF ASC, NCCF (TIME=0) = 6,00 DEG
TINE STATICN MTNUTES MINUTFS SINCE LAST ASCeNODE
MIN, IN SIGHT LAST CONTACT FoLONGe+DEG,
25.86 ALASKA 729 6400
12C+59 ALASKA 3,81 87.43 -17.65
24C,67 CAPNARVCN T.14 116,27 =41,31
272403 SANTTACGC S4R6 26,23
29Ce35 RCSMAN 6489 12,46 -64,96
335,77 CARNARVCM 3.6 38,53
366463 SANTTACC 6,61 27.19
384466 RCSMAN 5482 11,42 -8R b2
396e44 ALASKA 4452 5697
487461 ALASKA 7,55 B6,.65 -112,27
522,27 TANANARIVE 7476 27.10
580,59 ALASKA 7,87 50,96 -136,93
677448 ALASKA 3.87 RRL62 ~159,.58
995.00 SANTIACGC R,08 317.65 «230454
103Ce63 CAPNARVCN 799 23,56
1075.08 RCSMAN 7488 36,45 «254420
1172.10 RCSMFAN 169 89,14 =277.85
1223.73 TANANAPIVE 2,41 49,94
1258.,45 A|LASKA 24,80 31,31 -301,50
1316.65 TANANARIVE 6485 55,40
1351,05 ALASKa 7,75 27.55 -325,16
1445.17 ALASKA Teb8 R6.37 -34R,.81
1535,75 ALASKA 44,86 86.90 372,47
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TABLE D1. - S-BAND RANGE/RANGE-RATE TRACKING
COVERAGE PROFILES - Continued

EAST LCNGITULCFWASC, NCCF (TIME=0) = 7.00 DEG
TINE, STATICN MINUTFS MINUTFS SINCE LAST ASC.NODE
MINe IN SIGHT LAST CONTACT FoLONGesDEG,
25.87 ALASKA 7.38 7.00
12,56 ALASKA 4,03 87.31 ~16465
240,88 CARNARVCN 6,88 116.29 40,31
272422 SANTIAGC 5e40 24,46
29C.55 RCSMAN 6462 12.93 -63,96
335,39 CARNARVCN 4,49 38,22
366,50 SANTTAGC 6489 26,62
384.47 RCENAN (‘.21 11.09 "'87062
396464 ALASKA 4,432 5.96
487,71 ALASKA 7,48 86,75 «111,27
522+.41 TANANARIVE 7.61 27.22
58C,99 ALASKA 7.92 50,98 -134,93
67727 ALASKA 4,25 88,36 -158,58
996,08 SANTIACGC 8,04 317,56 =229.54
103C.61 CARNARVCN .05 23,48
1075.,14 RCEMAN 7477 36,48 -253,20
1171449 RCSMAN 3,02 88.58 -276485
1224443 TANANARIVE 1696 49.92
1316.,52 TANANADIVE 7.13 55.67
1351,09 ALASKA T7.68 27.43 «324,16
144%,18 ALASKA Tel4 86,42 =347,81
153G,74 ALASKA 5404 86.81 =371.47
EAST LONGITUCF«ASC, NCLCF (TIME=0) = 8,00 DEG
TIME STATICN MINUTES MINUTFS SINCE LAST ASC.NODE
MINe IM SICGHT  LAST CCNTACT F4LONG.sDEG.
25.88 ALASKA Te4b 2,00
12C+e54 ALASKA 4e24 87.20 =15,65
241,11 CARNARVCN €57 116,33 «39,31
272444 SANTIAGC 4oRE 24,76
26Ce77 RCSEMAN 6e31 13,47 62496
335,10 CARNARVCN Sela 38,01
366438 SANTTAGC 7413 26,15
384432 RCSMAN 6454 10.81 86462
3G6e85 ALASKA tell 5.98
487.82 ALASKA 7640 86.86 «110427
522457 TANANARIVF 7441 27.35
581,C0 ALASKA 7.96 51,01 -133,93
67709 ALASKA 4e59 88413 «1574,58
995,18 SANTTAGC 7.98 317.50 «228454
103C+.59 CARNARVCN R.C9 23,42
1075.21 RCSMAN 7463 36,54 =252420
117111 RCSMAN 2,88 884,27 «275485
131€.42 TANANARIVE 7437 141,43 =299450
1351.12 ALASKA 7460 27.33 =323,16
1445419 ALASKA 7.80 86,47 ~346,81
1536,73 ALASKA Rel2 R6, 74 «370,47
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TABLE D1. - S-BAND RANGE /RANGE-RATE TRACKING
COVERAGE PROFILES - Continued

EAST LCNCGITUCF,2SC. NCCF (TIME=0) = 9,00 DEG
TIVES STATTCN MINUTES MINUTES SINCE LAST ASCeNNDE
MIN. IM SICHT LAST C(CONTACT F,LONG,DEG,
25.8G ALASKA 7¢53 9400
12Ce52 ALASKA bebs 87.10 ~14,465
241,38 CARNARVCN fe22 116,41 ~38,31
272472 SANTIACGC 4419 25.13
2G61.C1 RCSMAN 5eG7 14410 -61,96
334,87 CARNARVCN Seb7 37.89
366428 SANTTAGC 7434 25,75
384,19 RCSMAN 6483 10.56 ~85,62
367,05 ALASKA 3,89 6,03
487463 ALASKA 7432 86,98 -109,27
522,76 TANANARIVE 7.19 27.51
581,C1 ALASKA 7.99 51,07 -132,93
618,76 TANAMARIVE 2,14 29.75
676493 ALASKA 4450 56,03 -156.58
$96.30 SANTTACC 7490 317.48 «227454
103C.58 CARNARVCN R.09 23,38
1075429 RCSMAN Teb7 36,62 ~251,20
117C.83 RCSMAN 4,55 88,07 =274 ,85
1316433 TANANARIVE 7457 140.96 =29R,50
1351,16 ALASKA 7452 27.26 =322,16
1445,21 ApASKA 7.85 86,52 -345,81
1536,72 ALASKA 53R 86,66 ~36Q,47
EAST LONGITUCF4ASCe NCLF (TIME=D) = 10.00 DEG
TINE, STATICN MTRLTFS MINGTES SINCE 1t AST ASCONODE
MIN. IN SICHT LAST CONTACT Fol ONGesDEG,
25,50 ALASKA 7.€1 10,00
12C451 ALASKA 4,64 87.00 ~13,45
241,67 CARNARVCN 5.81 116,52 «37,31
273,10 SANTIAGC 3.32 25,62
291,28 RCSMAN 5.57 14,86 -60,96
334,68 CARNARVCN ball 37.63
366,20 SANTTAGC 7.53 25,40
3844C8 RCSMAN 7.C8 10,36 ~84,62
397,27 ALAsKa 3.66 £.,10
488404 ALASKA 7.723 87411 -108,27
522466 TANANAPIVE 6492 27.69
581,03 ALASKA R,03 51,15 -131,93
618,12 TANAMAPIVE 3,49 29,06
676478 ALASKA S.18 55,17 ~155458
995443 SANTTACGC 7480 317,47 =226454
103C.59 CARNARVCN R,C7 23,36
1075.38 RCSMAN 7.27 36,73 ~250420
117Ce6C RCSMAN 5.09 87.94 =273,85
1316426 TANANARIVE TeT4 140,57 =297,50
1351,20 ALASKA T.43 27.21 -321,16
1445422 ALASKA 7.50 R6459 -344,81
1536,71 ALASKA 5454 BE,60 =-36R.,47
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TABLE D1. - S-BAND RANGE/RANGE-RATE TRACKING

COVERAGE PROFILES - Continued

EAST LCNGITUCFLASC, NCCF (TIMF=0) = 11.00 DEG
TIME, STATICN MINUTES MINUTFS SINCF
MIN, IN SICHT LAST CONTACT
25491 ALASKA Te67
12C449 ALASKA 4423 86491
242400 CARNARYCN 5,32 116,68
273.69 SANTIACGC 2,02 26436
291,59 RCSEMAN 5,11 15,88
334453 CARNARVCN 6e49 37.84
366412 SANTIAGC T.68 25.10
383,99 RCSMAN 730 10.19
3G7449 ALASKA 3,42 6,20
488016 ALASKA Tel4 87425
523,19 TANANAPIVE 6e60 27.89
581,05 ALASKA 8.05 51.26
617,70 TANANARIVE 44,39 28,60
6T7bekd ALASKA Se43 54,55
996,57 SANTIAGC 7467 317.50
103C.40 CARNARVCN R,02 23.36
1075.45 RCSMAN 7,C5 36,87
1695,38 SANTTAGC 2.79 12,84
117C.41 RCSMAN 5456 72,24
1316.20 TANANARIVE 7487 140,23
1351425 AL ASKA 7.33 27.17
14645,23 ALASKA 7.94 R6 66
1536,71 ALASKA 5,70 86,54
EAST LCNGITLOF G ASC. NCCF (TIMF=zN) =  12.C0 DEG
TINE, STATICN MTNLTFS MINUTFS SINCE
MINe IN SICKHT LAST CONTACT
5¢G2 ALASKA 7473
12C.,48 ALASva 5,01 864,83
262,38 CAPNARVCN 44,75 116,89
261463 RCSMAN 4456 444,80
334,41 CARNBRVCM 6482 37,91
266,06 SAMTIACGC T.81 24,83
383,52 RCSMAN 7449 10,05
3g7.73 ALASKA 3.16 6432
4B8R,28 ApAsra 7,04 874,40
523,45 TANANARIVE hel3 28,12
581,C8 ALASKA 8,07 51,40
617.36 TANAMARIVE S.08 284,24
676452 ALASKA Seb? 54,05
966,73 SANTYACC 7,52 317,54
103C.63 CARNARVCN 7454 23.39
1075.61 RCSEMAN a9 37,04
1094451 SANTIAGC 1,79 12,51
117Ce25 RCSMAN 5496 71.55
1316,16 TANANAPIVE 7.97 139,65
1351,29 ALASKa 7,22 27.16
1445425 ALASKA 7.68 R6a73
153G,71 ALASKA 5485 86,48

LAST ASC4NODE
FelLOMGe +DEG,

11.00
=12465
=36,431

-59,96

-83,62
=107,27
-130,93

-154,58
=225454

-249420

-272.85
~296450
-320,16
~343,81
=367,47

1L AST ASC.NODE
Fol ONGe s DEG,

12,00
-11,65
-35,31
=5R,96

82,62
=106,27

-129,93

-153,58
=224454

~24R 420

-271.85
295,50
-319,16
=347 481
=366,47




TABLE D1. -S-BAND RANGE/RANGE-RATE TRACKING
COVERAGE PROFILES - Continued

EAST LONGITUDF4ASC, NCCF (TIME=0) = 13,00 DEG
TIME, STATICN MINUTES  MINUTES SINCE LAST ASCeNODE
MIN,. IN SICHT LAST CONTACT FoLOMGesDEG,
25.93 ALASKA 7479 13,00
. 12C.47 ALASKA 5,18 86,75 ~10,465
242,83 CARNARVCN 4,04 117.18 -34,31
292434 RCSMAN 3,91 45447 =57,96
334431 CARNARVCN 7.10 38,06
366,01 SANTTAGC 7491 24,60
383,87 RCSMAN 7.65 9.95 -81,62
397.97 ALASKA 2,88 6.45
488441 ALASKA 6,94 87.56 -105,27
523,74 TANANARIVE 5,80 - 28,39
581,11 ALASKA R,08 51,56 -128,93
617.14 TANANARIVE S5.64 27.55
676,40 ALASKA 5,89 53,62 -152,58
996490 SANTIACGC T.34 317,61 -223,54
103C,68 CARNARVCN T.83 23,43
1075.75 RCSMAN 6,49 37.24 «247,20
1094457 SANTIAGC 4,53 12.33
117C,12 RCSMAN 6,31 71,02 =270,85
1316,13 TANANARIVE 8,04 139,70 «294,50
1351,34 ALASKA 7,10 27,17 -318,16
1539,70 ALASKA 5-99 86.43 '365047
EAST LCNGITUCF.ASC, NCCF (TIME=0) = 14,C0 DEG
TIME, STATICN MINUTES MINUTFS SINCE LAST ASC.NODE
MIN, IN SIGHT  LAST CONTACT F.LONG,DEG,
25494 ALASKA 7.84 14,00
12C.46 ALASKA 5435 86,68 -G 465
243,40 CAPNARVCN 3,11 117.58 -33,3]
292,84 RCSMAN 31,06 46433 -56,96
334423 CARNARVCN Te34 38,33
365,96 SANTTACGC 7.99 24,39
383,83 RCSMAN 7.78 9.87 -80,62
3g8e23 ALASKA 2,57 6.62
488454 ALAsKA 6,84 87,73 -104,27
524,08 TANANAPIVE 5,29 28,71
581,14 ALASKA f,09 51,78 ~127,93
616494 TANANARIVE 6all 27.71
676,30 ALASKA 6,09 53,25 =151,58
100C.C9 SANTIAGC 7.13 317,70 =222454
103C473 CARNARVCN 7.69 23,51
1075491 RCSMAN 6a15 37.49 -246420
1094¢31 SANTIAGC Sel2 12.25
117C.,00 RCSMAN 6462 70.58 =269,85
1316,12 TANANAR]IVE R,08 139,50 T =293,50
1351,39 ALASKA 6498 27.19 -317,16
1445,28 ALASKA 8,03 86491 «340,481
1536,70 ALASKA 6,13 86439 «364447
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TABLE D1. - S-BAND RANGE/RANGE-RATE TRACKING
COVERAGE PROFILES - Continued

EAST LCNCITUDFL£SC, NCCF (TTMF=0) = 15,00 DEG
TINE, STATICN MINUTFS MINUTES SINCF  LAST ASC.NODE
MINa IN SIGHT LAST CONTACT F ol ONGesPEG,
25.56 ALASKA 7.99 15,00
12C.46 ALASKA 5.51 REL61 «8,65
244,25 CARNARVCN 1,62 118,28 «32,31
293457 RCSMAN 1.79 47.70 ~55,96
334,18 CARNARVCN 7.54 38.83
365,53 SANTIARC R,CSH 264,21
383,80 RCSMAN 7.89 9.83 -79,62
398451 ALASKA 2.23 681
488467 ALASKA 6.73 87.93 -103,27
524447 TANAMARIVE 4,67 29.07
581,18 ALASKA 8,09 52,064 -126,93
616478 TANANARIVE ~£e50 27.51
676421 ALASKA 28 52,92 -150458
100C.31 SANTTACGC 64.Rq 317,82 -221,54
1030,80 CARNARVCN 7,52 23,60
1076409 RCSMAN 5475 37,77 -245420
10944C9 SANTIACGC Se62 12.25
1165491 RCSMAN 6499 70,19 ~26R,85
1316412 TANANARIVE 8.Cg 139,32 =2G92450
1351,45 ALASKA 684 27,24 ~31h,16
1445.30 ALASYA Relh 87.C1 -33q,81
1536,70 ALASKA 626 Bo. 2 -363,47
EAST LCNCITLCELASC. NCCF (TTMF=0) = 16,00 DEG
TINE, STATICN MTWUTFS  MINUTFS SINCE  LAST ASCeNODE
MIN IN SICHT LAST CONTACT Fo.LONGesDEG.
25.97 ALASKA 7.63 16400
120,45 ALASKA 5,67 B6.55 «7e65
334,14 CARNARVCN 7,70 208,072 “54496
365450 SANTIAGC R,N8 24,06
383.79 RCSMAN 7.97 9,81 -TR,62
358,81 ALASYA 1.R4 7.05
488,81 ALASKA b.61 88416 -102.27
624464 TANAMARIVE 3,50 29452
581,23 ALASKA ”,09 52,38 -125,93
616,65 TANANARIVE 64 R4 27.34
676,12 ALAS¥A 6,45 52,63 ~149,58
100Ce54 SANTTAGC beb?2 317.96 «220454
1030,89 CARNARVCN 7,32 23,73
1076,31 RCSMAN .28 38,11 244,20
1093,52 SANTr1ACC 6,04 12,33
112771 CARNARVCN 2474 2775
116982 RCSMAN 7413 39,37 =267485
131¢,13 TANANMARIVE 2,07 139,18 -291,50
1351.51 ALASKA .70 27.30 ~318,416
1445,32 ALAS¥A R,CT 7,11 =338,81
1536.70 ALASKA ka9 86431 ~367 447
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TABLE D1. - S-BAND RANGE/RANGE-RATE TRACKING

EAST LCNGITUCF+ASC. NCCF

TIME,
MIN.

25456
12C.45
334,13
365.89
383,79
396,16
488,55
52555
581,27
616455
676,04

100C.79
103C,459S
1076.57
10¢3,78
1127420
1165475
1316416
1351,57
1445,33
153,70

EAST LCNGITLLCF.ASC, NCCF

TINE,
MIN.

26400
12C4.45
334,13
365,88
383,81
486,06
581,33
6lE447
675,57

1001.C7
1031,.11
107688
1093446
1126.84
1169469
131¢,20
1351463
1445,35
1535,71

COVERAGE PROFILES -Continued

STATICN

AL ASKA
ALASKA
CARNARVCN
SANTTACGC
RCSMAN
ALASKA
ALASKA
TANANARIVE
ALAsSKA
TANANARIVE
ALASKA
SANTIAGC
CARNARVCN
RCSMAN
SANTTAGC
CARNARVCN
RCSMAN
TANANARIVE
ALASKA
ALASKA
ALASKA

STATICN

ALASKA
ALASKA
CARNARVCN
SANTTAGC
RCSMAN
ALASKA
ALASKA
TANAMARIVE
ALASKA
SANTTAGC
CARNARVCN
RCSMAN
SANTIAGC
CARNARVCN
RCSMAN
TANANARIVE
ALASKA
ALAsKkA

AL ASKA

MINUTES

IN SIGHT LAST CONTACT
7457
5.82 86,49
7,84 207.86
8,09 23,92
8,03 9.81
1,34 7.34
6,49 88,44
2.85 30,12
A.C8 52,87
7.13 27,20
6,61 52,37
6,31 318,13
T4C7 23,89
4,73 38,51
6,40 12,48
3,80 27.02
7.33 38475
8.C2 139,07
6,54 27.39
8,08 87,23
6,52 86429
(TIME=0) = 18,00 DEG

MINUTFS MINUTES SINCE

IN SIGHT LAST CONTACT
R+C0
5.97 Bb,44
7.94 207,72
n,C8 23,81
8,07 9.85
6637 97.21
8,07 85,87
Te37 27.08
6,76 52,13
5455 318,33
6,78 24,09
4,05 38499
beT2 12472
4,57 26,46
7.51 38,28
7.9 135,00
6637 27449
R, 09 87,35
64,64 86426

(TIME=0) = 17.00 DEG

MINUTES SINCE

LAST ASC.NODE
FelLONGe yDEG,

17.00
=665
-53,96

77,62
-101,27
=124,93

-148,58
~219,54

«243,20

~266485
=290,50
-;14016
~337,81
-3610"7

LAST ASC.NODE
FeLONG, sDEG,

18,00
5465
=52,96

=T76,62
«100,27
~-123,93

-147,58
218,54

~242,20

=265485
-2894,50
'%13016
-336,81
-360.47
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TABLE D1. - S-BAND RANGE/RANGE-RATE TRACKING
COVERAGE PROFILES -Continued

EAST LCNGITULLCF,ASC, NCCF (TIME=0) = 19.00 DEG
TINE, STATICN MINUTES MINUTES SINCE LAST ASCNODE
MINe IN SICGHT LAST CONTACT F.LONGasDEG,
26402 ALASKA 8,03 19,00
12C.44 ALASKA bell 8640 b b5
334,14 CARNARVCN R,02 207,59 «51,96
365,88 SANTTACC B.C4 23,72
383,84 RCSMAN 8,C9 9.91 «T75,62
486424 ALASKA 6a24 97,31 «gQ,,27
581,38 ALASKA 8,C5 85,91 ~-122,93
616,42 TANANARIVE 7,57 26,98
675,91 ALASKA 6,60 51,92 ~146,58
10Cle37 SANTTAGC Be54 318,56 -217.54
1031425 CARNARVCN bab4 24,34
1077430 RCSMAN 3,18 39,60 =241,20
1093457 SANTTAGC 6459 13,10
112655 CARNARVCN Sel9 26,00
1165¢64 RCSMAN Tebt 37.91 =2644R5
1316425 TANANARIVF 7483 138.65 ~28R,50
1351.70 AL ASKA 6e19 27.62 «312.16
1445438 ALASKA R,C9 87,48 =335 81
1536471 ALASKA 6475 86e24 «35G,47
EAST LCNGITLCF.ASC, NCCF (TIME=0) = 20,00 DEG
TINE STATTCN MINUTES MINUTFS SINCE ) AST ASCeNODE
MIN IN SICHT LAST CONTACT FoLONG.sDEG,
264C4 ALASKA f.05 20,00
12Co44 ALASKA 6474 86,436 -3,65
334,17 CARNARVCN 8,07 207,49 =50,96
365490 SANTTAGC 7.98 23,66
383,88 RCSMAN R.C9 10,00 -T4,62
581,44 ALASKA R,C3 85.95 ~121,93
616,38 TANANARIVE Te74 26,51
675485 ALASKA 7.C3 51,74 -145,58
1001.72 SANTTAGC 5.C6 318,83 “216454
1031,43 CARNARVCN 6,05 24,64
1077.94 RCSMAN 1,R2 40,47 -240420
1093449 SANTTACC 7422 13,73
112¢431 CARNARVCN 5.70 25.60
1166,60 RCSMAN 7.79 37,60 «263,85
1316,32 TANAMARIVE 7,69 138,92 -287,50
1351478 ALASKA 6400 27.77 ~311,16
1445,40 A(LAsKkA 2,Cq 87,62 =334 ,R1
1535,71 ALBSKA 6,86 86,23 ~358,47
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TABLE D1. - S-BAND RANGE/RANGE-RATE TRACKING

COVERAGE PROFILES - Continued

EAST LCNGITLDF4ASC, NCCF (TIME=0)

TIVE,
MINe

26405
12C. 44
334,22
3165.92
383,93
489454
581.51
616,36
675480

1002.11
1031,.,€3
1093 ,44
1126411
1169458
131641
1351,86
1445,42
1636,72

EAST LCNGITUDF+ASC, NCCF

TIVE,
MINe

26407
12C,44
215,76
334,28
365,85
384,00
463,54
486,70
581457
616,36
675476

1002,57
1031.88
1093,40
1125.94
116G9,56
1316.51
1351495
1445,44
1536,72

STATICN

ALASKA
ALASKA
CARNARVCN
SANTIAGC
RCSMAN

AL ASKA
ALASKA
TANANARIVE
ALASKA
SANTTACGC
CARNARVCN
SANTTAGC
CARNARVCN
RCSMAN
TANAMARIVE
ALASKA
ALASKA
ALASKA

STATICN

ALASKA
ALAsKkA
ALASKA
CARNARVCN
SANTTAGC
RCSMAN
SANTTAGC
ALASKA
ALASKA
TANANARIVE
ALASKA
SANTTAGC
CARNEARVCN
SANTTACC
CARNARVCN
RCSMAN
TANANARIVE
ALASKA
ALASKA
ALASKA

MINUTES
IN SICHT

8.07
637
8409
7.90
8,06
5496
8400
7.87
T.16
4,50
558
7443
bel3
7490
7451
5.78
R,C8
6497

MINUTES
IN SICHT

R,08
6,49
1,31
8,09
7.79
B.02
1,71
s082
7.56
7457
7,27
3,81
5402
7.60
6,50
7.98
7429
5456
8,06
7,07

(TIME=0)

21,00 DEG

MINUTES SINCE
LAST CONTACT

86432
207.41
23,61
10,12
97.55
86,00
26,85
51,58
319,15
25.02
56423
25425
37.33
138,93
27.94
87.78
86,22

22,00 DEG

MINUTES SINCE
LAST CONTACT

86429
88,82
117,22
23.58
10.26
71,52
24445
86405
26.82
51,43
319,54
2550
56,50
24494
37.11
138497
28414
87,94
86,22

LAST ASCeNODE
FelONGe +DEG,

21,00
-2.65
=49,96

73,62
97427
=-120,93

-144,58
“215,54

«236,4,20

-262485
=286450
-310,16
-333,81
-357,47

LAST ASCeNODE
F.LONG. DEG,

22400

“1465
«25,31
~48,96

-72.62

-96,427
=119,93

~143,58
214,54

-238,20

=261,85
-285,50
'309016
332,81
-356,47

225



TABLE D1. - S-BAND RANGE/RANGE-RATE TRACKING
COVERAGE PROFILES - Concluded

EAST LCNGITLCFLASC. NCCF (TIME=0) = 23,00 DEG
TIVE STATICN VINUTES MINUTFS SINCE LAST ASCeNCODE
MINe IN SICGHT LAST CCNTACT F L LONG,.DEG,
26409 ALASKA R,C9 23,00
12Ce45 ALASKA bebtl B6427 -e65
215,60 ALASKA 1,81 88454 -24431
334,36 CARNARVCN R.C6 116,94 -47,96
365,99 SANTTACGC 7,65 23,58
384.C8 RCSMaAN 7495 10,43 =71462
462489 SANTTACC 3.07 70.86
48G,87 A[LAGKA S5e67 23,91 -95,27
581,65 ALASKA 7.53 86,11 -118,93
61€,37 TANANAPIVE 2,04 26,80
67572 ALASKA T7e37 51431 -147,58
1003,13 SANTIAGC 2491 320,04 =213454
1032.18 CARNARYCN 4434 26,14
163,38 SANTIAGC T.74 56,86 -237,20
1125,79 CARNARVCN 64,82 24,67
1165655 RCSMAN .04 36493 =-260485
1316+.43 TANAMARIVE 7.73 136,05 ~284450
1352.C4 ALASKA 5431 28,38 -308.16
1413.12 TANAMAPIVE 2.78 55477
1445,47 ALASKA 8,04 29,47 -331,R1
1536,73 ALASKA 7.6 R6e22 -355,47

226




APPENDIX E
PULSE CODE MODULATION TELEMETRY STANDARD
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APPENDIX E
PULSE CODE MODULATION TELEMETRY STANDARD

The material in this appendix was obtained from the Aerospace Data Systems
Standards (ref. 5) and is included here as a reference for assuring compata-
bility with STADAN PCM systems.
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PULSE CODE MODULATION TELEMETRY STANDARD

January 27, 1966

1.0 PURPOSE

The primary purpose of these standards is to require the use of tech-
niques that will enable reliable acquisition and reduction of data from space-
craft employing PCM telemeters. The standards are intended to reflect cur-
rent state of the art and will be revised as new developments dictate.

2.0 SCOPE

This document applies to all spacecraft using PCM telemetry systems
that are under the management of the Goddard Space Flight Center and/or
using the GSFC Space Tracking and Data Acquisition Network and/or the
GSFC Data Processing System. If an exception to this Standard is desired, it
must be approved by the GSFC Data Systems Requirements Committee, &

3.0 STANDARDS

Since practical considerations often dictate a departure from optimum
techniques, some categories will have two approaches; a "PREFERRED"
classification which will yield near optimum results and an "ALTERNATE"
classification which can be used to provide acceptable results when other
considerations influence the design.

3.1 Code Format

A serial binary code shall be used. The following types of coding
are acceptable,

NRZ Type C
NRZ Type M
Split Phase

Waveform symmetry shall be maintained within 2 percent of the
nominal bit period as measured at the telemetry receiver output.

3.2 Bit Rate

3.2.1 Range--The permissible range of data rates is from 1 bit/
sec to 200 000 bits/sec.

4 Address: The Director, Goddard Space Flight Center, Greenbelt, Maryland

Attention: Chairman, GSFC Data Systems Requirements Committee,
Code 520
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3.2.2  Stability

Long Term (one year)--less than +5¢ of bit rate.

Short Term (5 minutes)--less than £1/24 of bit rate.

Instantaneous (e. g., flutter of spacecraft tape recorder)--
less than 3¢ of bit rate (peak-to-peak) measured in a
bandwidth wide enough to include all significant com-
ponents, (nominally 600 Hz).

NOTE: Compatibility must exist between these requirements
and those listed in section 3.4.1

3.2.3 Changes in bit rates during real time transmission are per-
missible only by command from a ground station, Identification of the bit
rate in use must be included as part of the telemetered data.

3.3 Format

3.3.1 Minor Frame Length-- The minor frame length shall not
exceed 8192 bits and shall be of constant length for any one mission.

3.3.2 Major Frame Length--The major frame shall not consist of
more than 256 minor frames.

3.3.3 Word Structure

3.3.3.1 Word synchronization may consist of 0, 1, 2, or
3 bits per word and shall be the first bit or bits within the word when used.

3.3.3.2 Data words may be composed of any number of
syllables; however, the structure of any particular word shall remain constant.
In those cases where the syllable represents a single measurand, the most
significant bit shall occur first.

3.3.3.3 Parity shall be optional. If used, it shall be the
last bit in a syllable or a word. Error correction and other redundant coding
techniques may be used to enhance detection efficiency.

3.3.3.4 Reversal in the sequence of transmission is per-
missible if a spacecraft tape recorder is readout during rewind.

3.3.4 Word Length--The word length shall not exceed 32 bits and
all words shall be of constant length for any particular mission. This does
not preclude different word structures as defined in section 3. 3. 3.

3.3.5 Supermultiplexing and Submultiplexing--Data multiplexing at
sampling rates which are multiples or submultiples of the minor frame rate is
permissible. Where two or more submultiplexers are used, they must be syn-
chronized together and have either an equal number of channels or binary
multiples in order to use a common synchronization word. The submultiplexer
cycle shallbe complete within 256 minor frames as specified in section 3. 3. 2,
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3.3.6 Variable Formats--Variations in data channel assignments
are permissible, however, when variable formats are used each frame must
contain positive identification of the format. The frame and word length must
remain constant as well as the synchronization pattern except as allowed by
section 3.4. 3.2,

3.4 Synchronization

3.4.1 Bit Synchronization--Bit synchronization is the first step in
acquiring system synchronization and sufficient changes of state must be pro-
vided for rapid, reliable synchronization. All operating conditions shall be
considered, such as primary power being turned off to many of the experi-
ments which could result in data without transitions, Where similar conditions
could exist, techniques such as restricting the dynamic range of the data, odd
parity or word synchronization should be used to ensure bit transition. The
maximum number of data bits between transitions must not exceed 64.

NOTE: Compatibility must exist between these requirements
and those in section 3.2,2. Each spacecraft/ground
system must take into account worst case combina-
tions of bit rate stability and bit transition density.

3.4.2 Frame Synchronization

3.4.2.1 The "PREFERRED" method of frame synchroniza-
tion is to use a pseudo-random code pattern of appropriate length that is re-
peated every frame. With this technique, it is not necessary to devote one or
more bits in each word to synchronization purposes. A comprehensive study
of code patterns has been completed and Table El1-1 in Appendix E1l contains
codes which are recommended for use, In selecting the pattern length, the
telemetry design engineer should carefully consider the probability of the
pattern being generated in the data,

3.4.2.2 An "ALTERNATE'" method of synchronization is to
use one or more bits at the start of each word to establish bit phasing and one
word per frame with a unique code that cannot occur in the data.

3.4.3 Submultiplexer Synchronization

3.4.3.1 A syllable in each minor frame shall be used to
identify the subchannel number for that frame (e.g., 7 bits for 128 channel
submultiplexer)., This syllable must occur prior to the first submultiplexed
channel,

3.4.3.2 As an "ALTERNATE, " the main frame sync pattern
may be complemented once per longest submultiplexer frame. The two
methods may be used together if desired and the complement of the frame
pattern may be used to prevent the ground station from remaining locked to
a false frame sync pattern,

3.5 System Design-~Shall be governed by this Standard, the RF and
Modulation Standards, current ground station equipment capability and space-
craft requirements,
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APPENDIX E1
PCM FRAME SYNCHRONIZATION CODES

The codes listed in Table El-1 have been determined as optimum frame
synchronization codes for general use in PCM telemetry,

The technique used in the determination of these codes was essentially that
of examining all 2" binary patterns of a given length, n, for that pattern
with the smallest total probability of false sync recognition over the entire
overlap portion of the ground station frame synchronization process.

A more detailed account of this investigation will be found in the Proceedings
of the National Telemetering Conference, June 1964: '"Development of
Optimum Frame Synchronization Codes for Goddard Space Flight Center PCM
Telemetry Standards,' by Jesse L. Maury, Jr. and Frederick J. Styles.
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TABLE E1-1. - PCM FRAME SYNCHRONIZATION CODES

CODE LENGTH

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

234

101
101
101
110
101
110
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111

100
110
110
111
101
101
010
001
011
010
100
100
110
011
011
100
101
110
100
110
110
101
101
110

00

000
000
110
100
110
101
001
111
110
110
011
011
101
110
011
101
010
100
101
011
011
101

00

000
000
000
010
001
101
101
001
110
001
110
100
111
110
110
101
110
110
111

00

000
000
000
000
010
001
011
101
110
011
111
101
001
010
011
001

00

000
000
000
000
000
100
100
000
100
100
110
001
100

00

000
000
000
100
100
010
110
011
101
110

00

000
000
000
000
000
000
100

0

00

000
000 O
000 00
000 000



APPENDIX F
POST INJECTION TELEMETRY COVERAGE SEQUENCE
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APPENDIX F
POST INJECTION TELEMETRY COVERAGE SEQUENCE

This appendix contains vhf telemetry coverage for the first 10 000 minutes
of orbital lifetime. The S-band telemetry coverage for this same period of
time can be found in Appendix C where the S-band tracking coverage is pre-
sented. The telemetry coverage is identical to the tracking coverage in this
case, Table F1l presents the VHF telemetry coverage for 10 stations while
Table F2 presents the same for only the College and Rosman stations. The
College and Rosman contacts were tabulated separately to show more clearly

the contact times when the microwave links between these stations and GSFC
could possibly be utilized,
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TABLE F1. - POST-INJECTION VH¥ TELEMETRY COVERAGE
SEQUENCE

PCST=INJFCTICN yHF TFLEMETRY COVFRAGFE SEQUFNCE

NCRTH LAT EAST LOMGs MIN ELEV»

DEG PEG DEG
STATICN 1 COLLECE 64.90 212.10 5,00
STATICN 2 FT. MYERS 26.50 278,10 5,00
STATICN 3 JCKANNESRBUKRC «25.90 27,70 ' 5,00
STATICN 4 LIMA -11,.80 782,80 5,00
STATICN 5 CRRCRAL =35,60 148,90 5,00
STATICN & guITC -e60 281,40 5.00
STATICN 7 ROSMAN 35,20 277.10 5,00
STATICN B8 ST, JORNS 47.70 307.30 5,00
STATICN 9 SANTIAGC -33,20 289,30 500
STATICN 10 WINKFIELE 51.50 359,30 5,00
CREIT ALT= sO(.‘.O KN.

CRBIT INCL= 97,38 CECG,

LALNCH=TC=INJFCTICN AMGLE= 20,00 NEG.

CRBIT PERICE= G4.62 MINUTFS

EARTH RACILS=z 33,0 PERCFNT CVFR ACTUAI (REFRACTION CORRECTION)
MININLM TINF= 00 MIN

WESTWARC SHIFT CF ASCe MODEz 23,65 DFG./O0RRBIT
LALNCK LCNGITUDF= =120e63 CEGe FAST

LALANCE LATITUDF= 34476 DEG, NORTH

LAUNCE VELCCITY RAS SCUTHFRLY COMPONENT

LALNCK TC INJFCTICN TINF= 1Ce00 MIN,

TCTAL TIME= 10000.0C MTN

STATICN MAXe ARC RANGF VISIBLE(PEG) MAXe CIST KMe
1 18,71 2329,1
2 1971 2329,1
3 1571 2329,1
4 19.71 2329,1
5 19.71 2329,1
€ 1%.71 2329,1
7 19.71 2329,1
8 19.71 2229,1
S 19.71 2329,1

1C 19.71 2329,1
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TABLE F1l. - POST-INJECTION VHF TELEMETRY COVERAGE
SEQUENCE - Continued

PCST INJECTICN CCVERAGE SFGUENCE (INJFCTICN TIMF= 10400 MINe AFTER LAUNCH)

TINE, STATICN MINUTES MINUTES SINCE LAST ASC.NODE REV,
MINe 1® SICHT LAST CONTACT FoLOMNGesDEG. NO.
46442 JCHFANNFSPURC 6421 613,73 1
65419 WINKFIFLE 6,40 16,56 40,08 1
81.65 CCLILFGF 9,74 6,36 40,08 1

136,60 JCHANNFSRURG $+59 47,91 40,08 2

16C4C3 WINKFIFLRD 1C.?8 10,46 16442 2

176.C1 CCLLFGF 1C.26 5.70 16,42 2

255,04 WINKFIFLPR R,31 68,78 ~7423 3

27C417 CCLLEGF R,69 6,81 -7.23 3

2GR.42 CRRCRA!L 10,22 19.56 ~7423 4

348484 STe JOENS 9.77 40,20 _ ~304R8 4

3644C5 CCLLFGF 6,03 5,43 -30.88 4

363,76 CRRCPRAL 6,41 23,71 -30,88 5

424,72 SANTIAGC 1,41 24,52 =30,R8 5

441,76 FT, MYFRS 3.26 15,63 -54,54 5

442470 RCSMAN 607 .00 =54454 5

442,79 STe JOKNS 9.%1 .CO -54,54 5

456472 CCLLFGF 44,65 4,62 =54,54 S

515,88 SANTTAGC 10,36 56,51 54,54 6

521,90 LIMA _ 10,35 .00 -54,54 6

531648 FTe MYFRS 10,33 Neld -TR,.19 6

533,79 RCSMAN 1Ce29 .00 -7R.19 6

547463 CCLLFCGF 64,65 3,54 -78,19 6

614,29 SANTTAGC 2.09 60,00 -78,19 7

638,71 CCLLFGF 9,18 22,34 -101,85 7

731425 CCLLFGF 1Ce 36 83,35 ~125450 8

76662 JCHANNFSRUREG Q.45 28.02 -12%,50 9

825,85 C(CCLLFGF 9.25 46,77 =1409,16 9

863.60 JCHAMNFSRURC R.06 28,50 =-140,16 10

923,90 CCLLFGF 2,20 852,24 -172,R1 10

936497 WINKFIFLD 9.98 9.86 =172.81 10

99C«52 ORRCRAL 4400 43,57 -172.81 11

1031439 WINKFIELR 9,33 36,88 163,54 11
1082.65 CRRCRAl 17,35 42,23 163,54 12
1127442 STe JOHNS Ge49 34,13 139,88 12
115Ce46 SANTIAGC 9,20 13.55 139,88 13
1181437 CRRCPRAL 1,56 21,72 139,88 13
1221.66 STe. JCHNS 9,62 38,33 116,23 13
122%.56 RCSMAN R,26 .00 116,23 13
1228410 FTe MYFRS 2,485 .00 116423 13
1234,79 GLITH 10427 .00 116,23 14
1237.67 LIMA 10,35 .00 116423 14
1243,64 SANTIAGC 8,98 .00 116,23 14
1316,66 RCSMAN 9,71 67,07 92,57 14
1322-35 FTe MYFRS Re 4 .00 924,57 14
1408.54 CCLLFCF 3,05 77,74 6R,92 15
149C417 WINKFIFLE 44,13 78,19 45,26 16
1501.39 CCLLFGF 9,24 7.10 45426 16
1558.68 JCHAMNESPURC 10,36 48,05 45,26 17
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TABLE Fl. - POST-INJECTION VHF TELEMETRY COVERAGE

SEQUENCE - Continued

FUD I InNvES~F 11U vwwve
TIME, STATICN
MIN,
1576475 WINKFIFLPD
1595437 CCLLFGE
1673.82 WINKFIELD
1689.,54 CCLLFGF
1718441 CRPCPRaL
176885 STe JOKNS
1783.52 CCLLFGF
1812.15% CRRCRAL
186180 STe JOKNS
1876.59 CCLLFGE
1g35.1% SANTTAGC
1641446 LIMA
1943,63 QLITC
195C,58 FT. MYFRS
1953424 RCSMAN
166776 CCLLFGF
2C31.46 SANTIAGC
2037.70 LIMA
2048403 FTe MYFRS
205CeC7 RCSMAN
2058465 CCLLFCGF
215C+81 CCLLFGF
219C.C8 JCHANNFSRLRG
2244450 CCLLFGF
2282433 JCHANNFSPLRC
2341480 CCLLFGF
2356449 WINKFIFLD
2450457 WINKFIFLD
25C2+18 CRRCRAL
2546473 AWINKFIFLD
2547410 STe JCHNS
2571400 SANTIAGC
2598 ,57 CRRCPRAL
264Ce83 ST. JCHNS
2646427 RCSMAN
2648434 FTe MYFRS
2654,61 GLITC
2657.29 LIMA
2662465 SANTTAGC
2737427 STe JCHNS
2738,82 RCSMAN
2741.,25 FTe MYFRS
2745489 GLITC
27564434 LIMA
292C.88 CCLLFCGF
2977499 JCHANNFSPURC
299G6,.,65 WINKFIFLP
301474 CCLLFCGF

MINUTFS
IM SICHT

Qe95
100?5
9,34
9,17
Ge65
G,C1
6,62
R450
G459
4,64
10,16
QL. R6
9.85
10,25
104722
heDb
6460
5469
44,34
Se02
Re71
10426
2,00
9.75
9452
5.57
9435
9,63
10,24
?.RS
RG45
7.73
b a?
10,14
5488
6e17
Q9,54
17,14
9494
3,86
LO.?S
9,90
6a53
442
R,56
10,17
9,37
1Ng34

MINUTFS SINCE
1LAST CONTACT

10,71
5467
68,09
6,38
19.70
40,80
5.66
22.00
41,15
4,79
53.92
.C0
.00
.00
00
4,20
57465
.00

G bk
Q0
3,56
83,45
29,00
46,82
2768
49,95
9.12
R4 .73
41,68
34,31
« 00
15.45
19,84

| AST ASC.NODE
FQLONGc!nEGQ

2161
21461
=2,04
=2,04
=2.04
-25470
=25,70
«25,70
-49435
=-49,35
-49,35%
=49,435
=73,01
-73,01
«73,01
~73,01
-73,01
~Gbheb6
-96066
=0bh o606
-120,32
=120,32
«143,97
-143,97
167462
=167,62
168,72
16R472
145,07
145,07
145,07
145,07
121,41
121,41
121,41
121,41
121,41
121.41
97,76
97,76
97.76
97,76
37.76
50445
50445
26,80
26480

REV.
o

17
17
18
18
19
19
19
20
20
20
21
21
21
21
21
21
22
22
22
22
22
23
24
24
25
25




TABLE Fl1l. - POST-INJECTION VHF TELEMETRY COVERAGE
SEQUENCE - Continued

PCST INJECTICN CCVERAGE SFQUENCF

TINE
MIN,

3074679
3062.84
3108,89
3138472
3186.12
32C2.96
3231.03
3281.05%
3266434
3354462
3361641
3363467
337C.81
3372.96
3378432
3387,88
3446,.86
3455,73
3465,64
3467,%92
3478465
357046
3611.2%
3664,C8
3701,.,48
376C.19
3776.14
3865482
3g21.58
3665422
3967403
3962,20
4016456
4060410
407450
4077430
4081499
4155,¢1
4158411
416C441
4168415
4171,68
4254449
4340443
4397,54
4418,76
4434,12
4692483

STATICN

JCHANNF SRURG
WINKFIELD
CCLLFGE
ORRCRAL

STe JOHNS
CCLLFGE
ORRCRAL

STe JOHNS
CCLLEGE
SANTTAGC
LIMA

aLITe

FTe MYFRS
RCSMAN

STe JOHNS
CCLLEGE
SANTTAGC
LIMA

RCSMAN
CCLLEGF
CCLLEGF
JCHANNESBURG
CCLLEGF
JCHANNFSRURE
CCLLEGE
WINKFIELD
WINKFIELD
ORRCRAL
WINKFIFLD
ST« JOHNS
SANTIAGC
CRRCRAL

STe JOHNS
QLITC

LIMA
SANTIAGC

STe JOHNS
RCSMAN

FT1e MYFRS
QLITO

Liva

RCSMAN
CCLLFGE
JCHAMNF SBURG
WINKFIFLD
CCLLFGF
JCHANNF SRURGE

MINUTES
IN SICHT

5e43
9,97
9.58
8.56
7.R6
Tel6
CIY
10432
4,84
9,44
Re57
8075
9.61
9,90
4,64
5,51
8+58
Be43
7,70
7,82
8,17
10.07
5429
10,08
10,22
T.04
R.33
10,27
Q.65
6427
6,76
5,11
Reb4
7.90
8,24
10,34
6,51
10.24
10,34
R, A8
7.56
Selé
Tebb
Q9,37
R,51
10,21
f.11

(INJECTION TIME=

MINUTES SINCE
LAST CONTACT E LONG,sDEG,

49,71
1263
6.09
20,24
41,84
5,98
20.84
40,35
44,97
53,43
.00
.00
«00
.00
+00
4,92
56,47
.00
1,48
,00
2.91
83,64
30,72
47,54
27.31
48,49
8,90
85.35
41,49
33,99
.00
18,41
19,66
34,69
A
.00

10400 MINe AFTER LAUNCH)

LAST ASC.NODE

26480
3.14
3,14
1,14

-20,51
=20,51
«20,51
44417
44417
b4 a17
~44417
'67082
67482
=-67,82
-67,82
67482
=67482
-91,47
-9l 47
-9l 4,47
=115,13
-115,13
-138,78
-138,78
-162,44%
162,44
173,91
173,91
150,25
150,25
150,25
150,425
126460
126,60
126,60
126,60
102,95
102,95
102,95
102,95
102,95

79429

5564

55 .64

31,98

31,98

31,98

REV,
NO,

33
33
33
34
34
34
35
35
35
36
36
36
36
36
36
36
37
37
37
37
37
38
39
39
40
40
40
41
42
42
42
43
43
43
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TABLE F1l. - POST-INJECTION VHF TELEMETRY COVERAGE

PCST INJECTTCM CCVERAGE SFQUENMCF (INJFCTION TIMF= 1000 MIlie AFTER LAUNCH)

TIVE
MING

4512408
4528425
4556450
4608655
460G, 74
462237
465Ce27
470C.51
4715,G69
4774436
4782,01
4784 ,65
4761,C3
4763.C0
4766420
4807497
4REBSEZ
4874,43
488416
488E 449
48G68,7C
4960420
5083.3R
5120.58
5178 .84
5166.C1
5286413
5341421
5384,C6
5387,65
5435472
547G446
54G¢.18
54G7 4,84
5501463
5574440
5577458
5575479
5587.02
556C.22
5567449
567275
5676426S
576CaCS
5817e44
S84C41C
5853452
5glle46

SEQUENCE - Continued

STATICN

WwINKFIFLL
CCLLFGF
CRRCFRAI
WINKFIFLP
STs JCKNS
CCLLFCGF
CRPCRAL
STe. JCHNS
CCLLFGF
SANTTACGC
LIva
GLITr

FT, YYFRS
RCEMAN
STe JOKNS
CCLLFCGF
SANTTACGC
LIvA

FTe MYFRS
RCEMAN
CCLLFGF
CCYLLFGF
CCLLFCGFE
JCHAMNNT SRURG
CCLLFGF
WINKFIFLD
WINKFIFLT
CRRCPAL
WINKFIFLD
ST. JCHNS
CRRCRAL
STe JCHNS
aLtin
LIMA
SANTTACGC
STe JORNS
RCSMAN
FTe MYFRS
qQLiTr
LIMA
SANTTACC
RCEMAN
FTe MYFRS
CCLLFGF
JCHAMNF SR RC
WINKFIFLE
CCVLFCGF
JCHAMNFSRLUPC

M
I~

NUTES
SICHT

10429
9,62
o713
5.38
fa15
7.R3

1024

10,33
5,22
n,C1
K’CQZ
a2
R,31
ReG9
7475
5405
9,70
3,78
9.33
979
7460
2,79

17.28

1M 3%
R, 11
fa12

1he 26
Re45
7479
1,54
Geb0

10,27
Aa’l
7,37

10,76
2,11
QeG7

10.23

10,01
S, 26
5459
.72
5402
Al
T4
74729
QeG5
G452

MINUTES SINCE
LAST CONTACT

1114
5.88
21.33
42,77
.CO
6.48
20,07
40,00
5,15
53,15
.00
.00
.11
+C0
.00
4,51
55.59
.00
.00
«CO
2.52
83,90
83,39
27.31
47,52
9.C7
B6,40
41,72
34,43
.00
44,53
34,14

69.67

7R,77
50,94
14,92

6.12
48,00

LAST ASCaNMDE
FOIONG.’DEGO

fe33
f,33
R,33
-15,33
15,33
=15,33
-15433
=-3R,98
-3p,98
-38,98
«-3R,98
62463
-62,63
-62463
-62+63
62463
62463
-624,63
~B6429
-864,729
-86429
-100,94
=133,60
-133,60
-157,25
«157,25
179410
179,10
155,44
155,44
158,44
131,79
131,75
131,79
131,79
108,13
10R.13
10R,13
10R,13
108,13
10R, 13
R4 048
84448
60 R2
604,82
37,17
37,17
37,17

REV.
hO.

48
48
49
49
49
49
50
50
50
51
51
51
51
51
51
51
52
52
52
52
52
53
54



TABLE F1.

PCST INJECTICN CCVERAGE SEGUENCF

TIME,
MINe

5931.51
5947.,61
5981,30
6027411
6C31.09
6041475
6065480
612C.17
6135,56
6166e41
6194467
6211.86
6213,43
6214471
622769
6287,60
6293,51
6303,.14
6305,47

- 6318480

6410602
6502,.,78
6540,80
6597,67
6616445
6635.83
6708451
6761l.26
6803e12
6854469
6898451
6919,66
6921458
6993440
6997426
6999,42
7006429
7006427
701562
7091.51
7094436
7179.658
7238.15
726C478
7272.,54
733C441
7351,12
7366496

STATTCN

WINKFIFLD
CCLLFGE
CRRCRAL
WINKFIFLE
STe JOKNS
CCLLEGE
ORRCRAL
STe JCHNS
CCLLFGF
ORRCPAL
SANTIAGC
FTe MYFRS
RC &MAN
STe JOHNS
CCLLEGF
SANTTAGC
LIMA

FTe MYFRS
RCSMAN
CCLLECGF
CCLLEGF
CCLLEGE
JCHANNESRURG
CCLLFcF
WINKFIFLD
JCHANNESRBURC
WINKFIFLD
ORRCRAL
WINKFIFLD
ORRQRAL
STe JCHNS
LIMA
SANTIACGC
STe JOHNS
RCSMAN
FTe MYERS
QLTITO
LIMA
SANTIAGC
RCSMAN
FTe MYFRS
CCLLFCGE
JCHANNE SRURG
WINKFIFLD
CCLLEGE
JCHANNFESBURG
WINKFIFLD
CCLLFGE

MINUTFS

IN SICHT

10,35
10.16
3,03
7.51
3,13
2,40
10435
10,06
S.71
4,35
S.,27
5.89
Te42
ReT6
474
10,26
10,23
10,14
10,C8
6499
9,42
10,36
9,93
8,50
3,84
6e72
10,19
6625
ReR7
10621
G487
3,05
9,73
.18
9,07
9.55
10,36
10,19
2,13
9,18
7489
4,61
4433
5.55
9,54
10,22
10,16
10,31

(INJFCTION TIMF=

MINUTFS SINCE
LAST CONTACT

10.52
5,74
23,53
42,78
.00
7,54
19,65
40,03
5,32
25.14
23.91
11.92
.00
00
4,54
54,87
.00
.00

3,25
84,22
83,34

LAST ASC.NODE REV,

Fol ONG, o DEG,

13.52
13,52
13,52
-10,14
=10,14
=10414
-10-1‘0
-33.79
-33,79
=33.,79
-32,79
-57.45
'57.105
“57.’05
=57.45
-57,45
57,45
-81,10
-81,10
-81010
106,76
-128,41
-12R,41
-152,06
=152,06
-152,06
=175,72
-175,72
160,63
160463
136,97
136,97
136,97
11332
113,32
113,32
113,32
117432
113,32
80,66
80,66
66,01
66401
42436
42,36
42,36
18,70
18,70

’\100

63
63
64
64

- POST-INJECTION VHF TELEMETRY COVERAGE
SEQUENCE -Continued

10400 MINe AFTER LAUNCH)
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TABLE F1. - POST-INJECTION VHF TELEMETRY COVERAGE
SEQUENCE - Continued

PCST INJECTICM CCVERAGE SFQUEMCF (IMJFCTION TIMFz 10400 MIMe AFTER LAUNCH)

TINE, STATICN MIRUTES MINUTFS SINCE LAST ASCeNODE REVe

MIN, IN SIGHT LAST CONTACT FLLOMG,.DEG, (NOIN
7445471 WINKFIFLD ReA2 6Re43 -4495 79
7461613 CCLLFCF Re91 6460 ~4495 79
748G5¢61 CRRCRAL 10,03 19.58 -4495 80
754C,06 ST, JOWNS Q.48 40,41 =2R,61 80
7555,06 CCLLFCE 6,29 5,52 -28,61 80
758422 CRRCRAL Te49 22.87 -2R.61 gl
7634,57 RCSMAN 4,56 42 .87 -52426 81
7633,56 ST. JOHNS a,66 .CO -524,26 a1
7647,61 CCLLFGE 4,62 4,69 -52.,26 81
7706477 SANTIAGC 10,33 54,24 ~57426 82
7712,90 LIMA 10,22 .00 -52.26 82
7722,46 FTe MYFRS 10,736 00 -75,91 82
7726,75 RCSEMAN 10,36 00 ~75,.91 82
7738492 CCLLFGF 6e39 3.81 -75.91 82
7803454 SANTTACC 4,77 58,63 -75491 83
7811.C9 LIMA 2.04 2.38 ~75.91 83
7824411 RCEMAN «29 10.98 -99,57 83
7825451 CCLLFGF R,.,98 5,51 =9G,57 83
7922428 CCLLFCGF 10,33 83.39 «123,22 84
79614C0 JCHANKNFSRURC ReG2 28,39 -123,22 85
801€.65 CCLLFGF 9,49 46,74 -146,R8 85
8054421 JCHANNFSRURC R,A2 28,07 ~1464,88 86
8114411 CCLLFGF 4e43 51.08 ~170,53 86
8127498 WINKFIFLE 9.74 Ga43 -170453 86
8222426 WINKFIFLD 9463 84,53 165,81 87
8273.83 CRRCPAL 10436 41,94 165481 88
8316.,71 WINKFIFLPE .48 35,52 162,16 88
8318446 STe JOHNS 9,10 .CO 142,16 88
8341,87 SAMTIACGC A,65 14429 147,16 89
8371.C3 CRRCPRAL tabl 20.51 142416 89
8412452 STe JCOHNS 9.88 36,85 118,51 89
8417425 RCSMAN 7,40 .CO 118,51 89
8619437 FTe MYFRS R,10 .00 118,51 89
8425.50 GLITC 104C4 .00 11851 90
8428,70 LIMA 10,34 .00 118451 90
8434,39 SANTIAGC §,48 .00 11R .51 90
851C,52 RCSMAN 1n,C1 66,65 94,85 90
8513,C7 FTe. MYFRS 9429 .00 94 ¢85 90
8522074 GLITC 3.Q5 28 94.ﬂ5 91
8682,21 WINKFIFLP 2,41 155,53 47,54 92
B652,40 CCLLFGF R,97 7.77 47,54 92
8746459 JCHANNESBLRC 10434 48,22 47,54 93
877Ce92 WINKFIFLE 9.73 10,99 23,89 93
8786433 (CLLFGF 10436 5.68 23,89 93
8848,05 JCHANNFSRLRC 2.01 51.36 23,89 94
8864,60 WINKFTIFLD 9,66 14,53 .23 94
888Ce4g CCLLFGF 9.36 6.2 .23 94
8906«73 QRRCRAL 2,25 19.88 23 95
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TABLE F1.

PCsT INJECTICN CCVERAGE SEQUENCE

TINME,
MINe

896017
8974,52
5002484
5052468
9067,73
9126413
9132,62
9135,13
9142,10
9144432
6151450
$156405
9221493
$227,94
9238403
924Ce22
9245.88
9341.88
9381470
9435,76
9473.14
$532,29
§547,55
9641447
9693,13
9737,22
. 9738426
9762.64
9789404
9831.74
9838.02
§839.98
9845450
9848,48
9853,56
9927,6R
9625472
$932,09
994C426
9944412

STATICN

STe JOHNS
CCLLEGE
ORRQORAL
STe JOKNS
CCLLEGE
SANTTAGC
L IMA
oL1Te

FTe. MYERS
RCSMAN
STe JOHNS
CCLLFGE
SANTTAGC
LIMA

FT. MYFRS
RCEMAN
CCLLEGE
CCLLFGE
JCHANNFSRURG
CCLLFEGF
JCHANNESRURE
CCLLEGF
WINKFIFLD
wINKFIFLE
CRRCRAL
WINKFIFLD
ST. JOHNS
SANTIAGC
CRRCRAL
STe JOENS
RCSMAN
FT. MYERS
GLTTO
LIMA
SANTTAGC
STe JOHNS
RCSMAN
FTe MYFRS
QuITe
LIMA

MINUTES
IN SICHY

B.56
6489
9,10
10,18
4,71
9,92
9,41
9,53
10,04
10.19
«52
Se%1
7,61
7.15
bel9
6450
8.48
10,19
7404
9,91
9.90
6,28
ReQ6
10el1
10.05
5,10
7.81
6,78
7,47
10.27
44,04
5,23
R.96
9,84
10,17
5,24
10435
10.16
1,77
5,20

(INJECTION TIME=

LAST CONTACT

41,19
5,78
21,44
40.74
4,87
53,69
.00
.00
.00
»00
«00
6e23
57.07
.00
2,93
+00
3.15
83,52
29,63
47,02
27.47
49,24
8.98
84,96
41,55
34,05
.00
16.57
19.61
35,23
.00
.00
69
.00
.00
63.95
<00
.00
.00
.00

10,00 MINe AFTER LAUNCH)

-23.’42
-23,642
-23,42
“47,07
~47,07
-47,07
-47,07
=T70,73
-70,73
=70,73
-70673
=70,73
=70,73
=T70,73
-94.38
'9“.38
-94438
«118,04
-118.04
-141,69
=141,69
-165,35
«165,35
171.00
171,00
147,35
147,35
147,35
147435
123,69
123,69
123,69
123,69
123,69
123,69
100,04
100,04
100,04
100,04
100,04

- POST-INJECTION VHF TELEMETRY COVERAGE
SEQUENCE - Concluded

MINUTES SINCE LAST ASCeNODE REV.

FoLONGe +DEG, NO,

95
95
96
96
96
97
97
97
97
97
97
97
98
98
98
98
98
99
100
100
101
101
101
102
103
103
103
104
104
104
104
104
105
105
105
105
105
108
106
106
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TABLE F2. - POST-INJECTION COLLEGE AND ROSMAN
TELEMETRY COVERAGE SEQUENCE

PCST-INJFCTION CCLLECE AND RNMSMAN TELEMETRY COVERAGE SEQUENCE

NCPTH LAT, EAST LONG» MIN ELEV

DFG PECG DEG
STATICN 1 CNLLEGE 64490 212,10 5.00
STATICN 2 RrSMAN 35.20 277,10 5.00

CRRIT ALT= S00eC KN

CREBIT INCL=z 07.3R Cg€,

LAUNCH=TC=INJFCTICN ANGIE= 20,00 NEG.

CRRIT PERICE= G4 62 MINLTFS

EARTH RACILS= 33,0 PERCFNT NVFR ACTUAL (REFRACTTON CORRECTION)
MINIMUM TINFz  .CC MIK

WESTWARE SFTFT OF ASC. MNOPE= 23465 DFGL/CRBIT
LALNCF LCHGITURF=z «12C,63 DEG, FAST

LAUNCH LATITURF= 34,76 NEF, NORTH

LALNCE VELCCITY RAS SCLTHERLY C(OMOCHLENT

LALNCH TC INJFCTICN TINF=z 1C.00 MIN,

TCTAL TINE= 100CC.OC MTie

STATICM MAX, ARC RPANCF VISIRLF(DEG) MAX. CTST KM,
1 1671 22249,1
19.71 2329.,1
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TABLE F2.

PCST INJECTICN CCVERAGE SFQUENCF

TIVE
MIN,

Gle.88
185466
28C,11
373,952
451,89
466,39
543,81
55722
648e41
741414
835,59

1235,65
1326,83
1418439
1511.30
160%,32
169G.,48
1763.42
1873,.,13
1886.31
1663.11
1677.34
2061462
206R,31
216Ce&5
2254,98
2352,36
265%,¢68
2748,86
3024468
3118,85
3212,.88
33Cé.11
3382470
33G97,.,47
3478446
3488428
358C.26
3674611
377Ce57
4076458
4168,08
4265453
4350,28
4444 406
4538,20
4632430

STATICN

CCLLFGFE
CCLLFGF
CCLLFGF
CCLLFGF
RCSEMAN

CCLLFGE
RCEMAN

CCLLFCGF
CCLLFGF
CCLLFCGF
CCLLFGF
RCSMAN

RCSMAN

CCLLFGF
CCLLFGF
CCLLFGF
CCLLFGE
CCLLFCGF
RCSMAN

CCLLFGF
RCSMAN

CCLLFGF
RCSMAN

CCLLFGF
CCLLFGF
CCLLFCGF
CCLLEGF
RCSMAN

RCSMAN

CCLLFGE
CCLLFGE
CCLLFGF
CCLLLFGF
CCLLFGF
RCSMAN

CCLLEGF
RCEMAN

CCILLFCGF
CCLLFGF
CCLLFGF
CCLLFGF
RCSMAN

RCEMAN

RCSMAN

CCLLFGF
CCLLFCGF
CCLLFCGF
CCLLFGF

MIRNLUTES

IMN SICHTY

GeG2
10,18
8,44
5.76
7.26
4,73
10,12
6,54
2.39
10,36
R,95
R,97
9.26
b4e43
9,50
10,22
8,95
hed3
4,22
4,62
10,36
6,34
1.96
R,95
10,32
9,53
4,61
1,72
1n,0s
R.91
10436
9.40
6,54
4,72
10,16
54,74
bheT2
Be44
10,17
GeG4

MINUTFS SINCE
LAST CONTACT

tINJFCTICN TIMF=

R4,16
83.97
85,37
72,21
7.25
72.69
3,29
84,25
83,34
84,48
240,70
85,21
79.30
8801‘8
84,51
83,84
86.99
73,38
8,56
72,18
3,86
77,54
4,73
83,39
84,01
87,84
298,71
85.96
171.85
B5.01
B3,80
84,64
86430
71.86
4,61
75.23
3,10
83.54
83,67
§6453
299.61
87,92
87410
g2.02
85,66
83,86
84,33

- POST-INJECTION COLLEGE AND ROSMAN
TELEMETRY COVERAGE SEQUENCE - Continued

10,00 MINe AFTER LAUNCH)

| AST ASC.NODE
Fol OMG, +DEG,

37.58
13,92
-9;73
-33,38
-57,04
=57,04
-804,69
-80,69
~104,35
-128,00
=151,66
113,73
90,07
b6bh 442
42,76
19,11
-l o554
-2R,420
=514,8%
-5‘.85
-75,51
=75,51
=99,16
-99,16
-1224R2
146,47
-170,12
118,91
95,26
47,95
26430
b4
-23,01
46467
=-70,32
=70,32
-93,97
=Q3,97
117,63
«141,28
164,494
124,10
100,45
7679
53,14
29,48

S .R3
-17.,83

REV.
MO,

OB ~NOCTPVMV SEWN -
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TABLE F2. - POST-INJECTION COLLEGE AND ROSMAN

TELEMETRY COVERAGE SEQUENCE - Concluded

PCST INJECTICMN CCVFPAGE SFGUENCF ([NJFCTION TIMF= 10,00 MINe AFTER LAUNCH)

TINE, STATICN MINLTFS MINUTES SINCE VP AST ASCWNODE  RiVe

MIN IM SICHT LAST CONTACT F o LONGeNEG, NOW
4725.81 CCLLFCF 5,02 85.97 ~41,48 50
4802.58 RCSMAN 9,50 71,75 -65,13 51
4B817.57 CClLFGF .26 5.50 -65,13 51
4866476 RCSEMAN 2,649 73.53 ~R8,79 52
4GC8431 CCLLFGF 7.R8 2.86 -8R,79 52
4666456 CCLLFGF 9.93 83,76 -112,44 53
50693435 CCLLFCGF 1,20 83,46 -136,10 54
5186411 CC!LFGF 7,63 85,56 -15a,75 5%
5587446 RCEMAN 10,21 390,72 105,63 60
5683,13 RCSMAN 6,69 85,46 21,98 61
5766488 CCLLFGF 7,08 80,06 50,32 61
5863,45 CCLLFGF 1ceno9 R6 52 34,67 62
5957,56 CcLLFEF 10,06 §4,02 11,02 63
6051,66 CCLLFCGF R,13 84,08 =12,64 64
6145,42 CCILFCGF 5,46 85,59 -36,29 65
6222.80 RCSESMAN 2,78 71,63 =50,4,95 66
6237,63 CCLLFCGF 4 87 6,55 -5q,95 66
6315,56 RCSMAN Q.77 73,06 -83,60 67
6328,39  CCLLFCGF 7.76 3,06 -R3,60 67
6416,74 CCLLFGF 9,61 86,06 -107,26 68
6512.7C CCLLFGF 10,34 R3,435 -130,91 69
66C7486 CCLLFGF £.55 R4, 02 ~1544,56 70
70C7.C3 RCSMAN ) 9,58 350,62 1104R2 75
71C1.71 RCSNAN 2,57 5,10 87,16 76
718%463 CCLLFGF 58 79435 63,51 76
7282486 CCLLFCGF Se76 87465 39,86 77
7376461 C(CLLFGF 10425 R4 .30 1£,20 78
7471407 CCLLFGF P67 83,91 ~7445 79
7564455 CCLLFGF (N0 85.20 -31.11 80
7643.53 RCOMAN te19 72.58 =54,76 81
7657.,60 CCLLFCF 4,66 7.88 -54,76 81
7734470 RCSMAN 104,28 72,406 -70,41 82
774850 CCLLFGF foF B 3,52 =T7R,41 82
7836,40 CCLLFGF 6420 R4 .42 «102,07 83
7632.,15 CCLLFGF 10,36 83,35 =125,72 84 -
8C26477 CCLLFCGF Goa23 B4 426 -149,38 85
8124,50 CCLLFGF 3,05 BB LG50 -173,03 B6
8426484 RCSMAN fie?3 298,89 116,01 90
852C4E1 RCSMAN Qeb7 RS, 64 92435 91
860G6.78 CCLLFCGF 1,20 79.50 68,70 91
8702+30 CCLLFGF 9.27 89.32 45,04 92
8766428 C(CLLFGF 10435 84,71 21,39 93
886C.44 CCLLFEF q,15 R3,81 -?2427 94
8GR4 .42 CCILLFGF ) [N ¢) 84,83 ~25492 95
9077447 CCLLFGF 4,64 86,45 ~49,57 96
9154,13 RCSMAN 10,33 72,02 -73,23 37
9168,63 CCLLFCGF £.08 4,17 -73,23 97
9251.,C7 RCSMAN 4,04 76,36 -Gk B8 98
9255453 CCLLFCGF £.73 3.62 -9k 408 98
9351471  CCLLFGF 10,27 83,45 =120,54 99
G445,82 (CLLFGF 9,73 83,84 144,19 100
§542,75 CCLLFGF a9 87.21 -167,85 101
G847,12 RCSMAN £,C?2 29R, 87 121,19 105
6936,73 RCEMAN 10,24 86,59 97,54 106
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APPENDIX G

STADAN DATA ACQUISITION CAPABILITIES
AND SYSTEM DESCRIPTIONS

This appendix contains tabular data on the capabilities of the STADAN stations
in the areas of telemetry and command systems. This information was ob-~
tained from reference 4 where further details can be found.

|
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TABLE G1.- GEODETIC LOCATION OF STADAN STATIONS

Station

College, Alaska
Ft. Myers, Fla.
Alaska

Gilmore Creek,
Alaska

Carnarvon

Johannesburg,
South Africa
(40-foot dish)

Lima, Peru

Quito, Ecuador
(40-foot dish)

Rosman, N, C,.

St. Johns,
Newfoundland

Tananarive

Santiago, Chile
(40-foot dish)

Winkfield, England

Orroral, Australia

252

East longitude

212-09-47.383

278-08-03.887
212-29-05. 794

212-30-18, 045
289-18

027-42-27.931
027.42-27.931

282-50-58.184

281-25-14.770
281-25-08.109

277-07-40,532

307-16-43. 240

47-30

289-19-51, 283
289-19-51, 283

359-18-14.615

148-57-0

Latitude

N-64-52-18.582
N-26-32-53.516
N-64-58~36.572

N-64-58-42.667
S-24-30

S5-25-52~58, 862
S-25-53-08.025

S-11-46-36,492

S-00-37-21,1751
S-00-37-23, 241

N-35-12-00.499

N-47-44-29, 049

S5-18-30

S-33-08-58.106
S-33-09-04.934

N-51-26-44,122

S-35-38-0



TABLE G2, - GSFC SPACE-TO-GROUND TELEMETRY

FREQUENCY AND CHANNEL ALLOCATIONS

Frequency

bands, MHz
136 - 137
137 - 138
400.05 - 401
401 - 402
1700 ~1710

GSFC
application

Space research
telemetering
and tracking
(Minitrack)

Space research
telemetering

Space research
telemetering

Space research
telemetering

Space research
telemetering

Center freq,

MHz

136. 020
to
136.980

137.020
o
13'%.980

400. 100
to
400. 950

401.000
to
401,950

1705

Bandwidth
Nominal Maximum
30 kHz 90 kHz

{max.)
30 kHz 90 kHz
(max.)
50 kHz 300 kHz
{max.)
50 kHz 300 kHz
(max.)
1.5 kHz -
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TABLE G3. - MINITRACK TELEMETRY ANTENNAS

Nine yagi antenna characteristics

Center frequency
Frequency range
Gain

Polarization

"E" --and "H" --
plane pattern
Sidelobes

VSWR

Nominal impedance

136.5 MHz
135-138 MHz
19. 2 dB above isotropic

Horizontal, vertical, right
and left circular

19.5 deg at the half-
power points

Down 12 dB or better

Under 1.1 at 136.5 MHz
Under 2.0 from 135-135 MHz

50 ohms

Sixteen yagi antenna characteristics

Center frequency
Frequency range
Gain

Polarization

"E'" and "H" plane
pattern

VSWR

136.5 MHz
135-138 MHz
22.4 dB above isotropic

Horizontal, vertical, right
and left circular

13 deg

Under 1.1 at 136.5 MHz
Under 1.5 from 135-138 MHz




TABLE G4. - MINITRACK TELEMETRY CHARACTERISTICS

Preamplifier characteristics

Noise figure

3.5 dB nominal

Gain 35 dB
Center frequency 136.5 MHz
Bandwidth 4.3 MHz
Output impedance 50 ohms

Receiver
Local oscillators
Tuning range
Noise figure
Image frequency
I. F. frequencies
1st 20.75 MHz
2nd 3.25 MHz
3rd 455 kHz
Converted signal
555 kHz

162 kHz

62 kHz

22 kHz

12 kHz
FM detection

AM detection
AGC response
BFO

Calibration oscillator
Calibrator attenuator

Receiver characteristics

Triple conversion superheterodyne
Crystal controlled
136-137 MHz

Less than 3 dB

At least 60 dB
Predetection bandwidths
1 MHz

300 kHz or 100 kHz

30 kHz or 10 kHz
Bandwidth in use

1 MHz

300 kHz

100 kHz

30 kHz

10 kHz

Limiter and Foster-Seeley
discriminator (all bandwidths)

Unbalanced diode with post-
detection filtering (all bandwidths)

3 Hz, 10 Hz, 30 Hz, "A" pulse
(slow response): "B" pulse (fast
response): manual gain control

+30 kHz
455 Hz +10 Hz

-60 dBm to -150 dBm in 5-dB
steps
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TABLE G5. - PCM DATA HANDLING EQUIPMENT CHARACTERISTICS

Signal conditioner
PCM inputs

Bit rate range

Code type output
Synchronization

Bit rate tracking range

Bit jitter capability

Synchronizer

Number of formats
Word length
Frame length
Subframe length

Parallel computer
word output

Serial output
Data word selector
DWS outputs

Display units
Outputs

PCM simulator
Type data

Code type

Bit frequency
Word length
Frame length
Subframe length

RZ, NRZ-(C), NRZ-(M), split
phase

1-200 000 bits/sec
NRZ-(C)
To -6 dB (peak signal/rms noise)

+10 percent bit-rate frequency,
minimum

+25 percent bit period

10

32 bits, max.

512 words, max.
512 frames, max.

37 lines

Two lines (one for remote)

Nine-bit parallel digital readout
Timing clock

Chart recorder
Bar graph
Decimal

Serial

RZ, NRZ-(C), NRZ-(M), split phase
Variable 1-200 000 bits/sec

4-32 bits

512 words max.

512 frames max.




TABLE G6. - R & RR SYSTEM PERFCR MANCE CHARACTERISTICS

Range resolution, S band/vhf
Range-rate resolution, S band
Range-rate resolution, vhf
S-band up-link frequency
S-band down-link frequency
VHF up-link frequency

VHF down-link frequency

Data rates

Data format

S-band transmitter power output
VHF transmitter power output
Modulation system

S-band receiving antenna

Frequency
Gain
Tracking method

Polarization

S-band transmitting antenna

Gain

15 m

$0.1 m/sec

+1.0 m/sec

1801 MHz nominal
2253 MHz nominal
147 to 151 MHz
136 to 137 MHz

8, 4, 2, or 1 measurements
per second

5-level Baudot code
1to 10 kW

1to 10 kW

PM/PM

14 -1t parabola with Cassegrain
feed (X-Y mounted)

2253 MHz (nominal)
37 dB

Amplitude monopulse
Vertical linear
Horizontal linear
Right-hand circular

Left-hand circular

14-ft parabola with Cassegrain
feed (X~Y mounted)

35 dB
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TABLE G6. - R & RR SYSTEM PERFORMANCE CHARACTERISTICS
(Continued)

Polarization Right-hand circular
Left-hand circular

Frequency 1801 MHz (nominal)

Carrier and subcarrier 400 and 20 Hz
loop tracking bandwidth

Carrier and subcarrier 1600, 800, 300, 20 Hz
loop acquisition bandwidth

Range tone tracking For 500 kHz, 100 kHz,
and 20 kHz tones:
1.0 or 0.1 Hz.
For remaining tones:
0.250r 0.1 Hz

VHF receiving system

Frequency ' 136 to 137 MHz
I.F. frequencies 60 MHz and 10 MHz
(dual conversion)
Noise figure 3 dB, max.
Dynamic signal range -66 to -144 dBm
L.O. frequency 196 to 197 MHz
(voltage controlled)
VHF antenna (receive and Slotted array (X-Y
transmit) mounted
Frequency range 136 to 150 MHz
Gain 21. 25 dB (transmitting)

20.5 dB (receiving)

Polarization Vertical linear
Horizontal linear
Right-hand circular
Left-hand circular
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TABLE G6. - R & RR SYSTEM PERFORMANCE CHARACTERISTICS

S-band receiving system
Frequency

1.F. frequencies

Noise figure

Dynamic signal range
Second i.f. bandwidth
Loop tracking bandwidth
Loop acquisition bandwidth

Range-tone tracking
bandwidth

(Concluded)

2253 MHz, nominal

60 MHz and 10 MHz
(dual conversion)

3 dB, max.

-78 to -148 dBm
10 kHz

160 and 10 Hz
400, 140, 10 Hz
For 100 kc tone:
2.0 Hz or 0.1 Hz.

For remaining tones:
1.0 Hz or 0.1 Hz
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TABLE G7. - COMMAND TRANSMITTERS

There are four types of command
They

station command consoles.

am. transmitters that will normally be used with the
are listed below with some pertinent characteristics.

The transmitter is energized 0.5 sec prior to the command message.

GE-4BTY1A1

ITA 2500H

J Collins 242G

Hughes

Frequency 147-157 Mliz

Maximumrf 5000 W
power output cw

Qutput 6 or 10 dB
attenuation

Audio 5% max, at

95% modu-
lation 100
tol12 000 H

distortion

Stability 10. 001% per
day 0 to

+50°C

i.ocation Quito,
Ecuador

Santiago,
Chile

S. Africa
Rosman,

N. Carolina
IFairbanks,

Alaska

Johannesburg,

120-1556 MHz

2500 W

cw

5 dB or
variable
by detuning

5% max. at 95%
modulation 100
to12 000 H»

1200 1z of
nominal
frequency
+30°F to 12071

ffairbanks,
Alaska
Rosman,

N. Carolina

108-152 Mz

200 W cw

detuning

10% max. at
90% modula-
tion 300 to
10 000 iz

+0, 002%

Fairbanks, Alaska
Orroral, Australia
Barstow, Calif.
Ft. Myers, Fla,
Quito, Ecuador
[.ima, Peru
Santiago, Chil
Saint Johns,
Newfoundland
Winkfield, England
Johannesburyg, S, Afriea
Tananarive, Mulugasy

120-122 Mz
147-157 Niiz

2500 W\ cw

0-10 dB in
2 dB steps

5% max. at Y5%
modulation 100
to12 000 17

:0.001%

Rosman, N. C.
Barstow, Caht,
L. Myers, [Fla.
FFairbanks, Alaska
[ananarive,
Malagasy
Winkfield, Eng.
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There are three types of command antennas that are used at the various STADAN stations.
are listed below with pertinent characteristics.

TABLE G8. - COMMAND ANTENNAS

They

Il

RSI-054

|

RSI-071-024

TACO D-1444

Type

Frequency

Gain

Power

Polarization

Beamwidth

Control and
Speed

VSWR, max.

Locations

Disc-on-rod, crossed
dipoles, cavity, 10
discs (mod. 0-3)or 5
discs (mod. 4)

123 and 148-150 MHz

13 dB nominal (mods
0-3) or 9.5 dB nom
{mod 4)

3 kW av

Right, Left, and 2
linears

36° nom (mods 0-3)
or 54° nom (mod 4)
at 1/2 power pts

On 85' tracking
antenna, 3°/sec

1.3to 1

Rosman, N, Carolina (2)
and Orroral, -
Australia,

mods 0-3;

Fairbanks, Alaska

mod 4

9 disc-on-rod
array, crossed
dipoles, cavity

123 and 148-150 MHz

22 dB nominal

5 kW av

Right, Left, and
2 linears

15° nom at
1/2 power pts

Slaved or manual,
X-Y Dalmo-Victor
(SATAN pedestal).
5°/sec

1.25to 1

Quito, Ecuador
Santiago, Chile
Johannesburg, S. Africa
Fairbanks, Alaska (2)
Rosman, N. Carolina (2)
Orroral, Australia (2)
Tananarive, Malagasy (2)
Winkfield, England
Barstow, California

Ft. Myers, Florida
Lima, Peru

Dual 7 element
Yagi/crossed folded
dipoles

123 and 148 MHz

13 dB nominal

2 kW nominal

Right, Left, and 2
linears

36° nominal at
1/2 power pts

Manual, CDR HAM-
M rotator. 6°/sec

1.4to 1

Fairbanks, Alaska
Orroral, Australia
Barstow, California

Ft. Myers, Florida
Quito, Ecuador

Lima, Peru

Santiago, Chile

St. Johns, Newfoundland
Winkfield, England
Johannesburg, S. Africa
Tonanarive, Malagasy
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APPENDIX H
TELEMETRY COVERAGE PROFILES

This appendix contains examples of telemetry coverage for typical days of
operation that are expected to be encountered during the lifetime of the
satellite, Table H1 and H2 contain vhf and S-band telemetry coverage
information,respectively. There are 24 typical days represented correspon-
ding to 24 different east longitude ascending nodes (degrees). This covers
all of the possible ''coverage days' to a resolution of 1° in nodal longitude.
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TABLE H1. - VHF TELEMETRY COVERAGE
PROFILES

VHF

STATICN
STATICN
STATICN
STATICN
STATICN
STATICM
STATICN
STATICN
STATICN
STATICN 1

CRBIT ALT

CREIT INCL=
NCCaL LCNGITULNF STEP S17E=
CREBIT PERICD=
EARTR RACILS=

TELEMETRY CCVEPAGE PROFILES

1
2
3
4
5
6
7
a
9
0

COLLEGE

FT. MYERS
JORANNESBURE
LTIVA

CRRCRAL
GUITC

ROSMAN

ST. JORNS
SANTIACC
WINKFTELE

ECNeC Kive
97,38 TEC,

MINIMLM TINF=z 3,00 MN

WESTWARL SHIFT OF aASC. MNCPES=

STATICN

O DO~ WD WA -

—

VAX.

19473
1673
19.73
19,73
19.73
1673
1973
15,73
19073
1673

ARC RANCF VISIRLE(NEC)

MCRTH LAT»
CFG

64,90
26.50
-25.90
-11.80
-35,60
-.60
35,20
47.70
-33,20
51.50

1.0N NEG.
G4,62 NINUTES
33,3 PERCFNT CVER ACTUAL

234465 DEGL/ORBIT

MAXe

EAST LOMGs
PEG

?12.10
27R,10

27,70
282.80
148,90
281440
277,10
307.30
289.30
159,30

CIST,KM,

2331,1
2331,1
2331,1
23311
2331,1
2331,1
2331.1
2331,1
2331,1
2331,1

MIN ELEVS
DEG

5.C0
5.00
5,00
5,00
5,00
5,00
5,00
5.00
5,00
5.,00

(REFPACTIQON CORRECTION)



TABLE H1l. - VHF TELEMETRY COVERAGE

PROFILES - Continued

EAST LCNGITUCFJASC. NCCF

TINE,
MINe

8467
24455
53,75

104419
118.56
146462
16674
211,76
27C,18
27€ .65
27516
286413
288436
303.C7
366,C3
372.C6
382416
384,435
363450
485462
525468
576,83
617421
676439
691459
785453
837.18
881431
882,29
GCé .62
633,14
675.80
381456
383,54
985.51
962451
597.61
1071477
1C73.78
1076415
1084436
1088.27
1255455
1313,C4
1334,53
134G,75
140G.16
1427.78
1443,.,60
1474422
1525.93
1524,.58
1537499
1565466

STATICN

wINKFIFLD
CCLLFGF
CRRCPRAL
STe JCHNS
CCLLFGF
CRRCRAL
STe JOHNS
CCLLFGE
SANTTAGC
LIMA
GLITE

FTe MYFRS
RCEMAN
CCLLFGE
SANTTAGC
LIVA

FT. MYFRS
RCSMAN
CCLLEGF
CCLLFGFE
JCHANNESRURE
CCLLFGE
JCHANNF SRURG
CCLLFGF
WINKFIFLP
WINKFIFLD
CRRCRAL
WINKFIFLR
STe JOHNS
SANTTAGC
CRRCRAL
STe JCENS
RCSMAN
FTe MYFRS
GLITP
LIvA
SANTTACGC
STe JOKNS
RCSMAN
FT. MYFRS
GLTTN
LIMA
CCLLFGE
JCHANNF SRURG
WINKFIFLD
CCLLFGF
JCHANNFSRURCG
WINKFTELD
CCLLFGF
CRRCPAL
WINKFIFLR
STe JOHENS
CCLLFGF
CRRCRAL

(TIME=N) = «00 DEG
MINUTES MINUTES SINCE
IN SIGHT LAST CONTACT

9,64

9435 6,24

9.30 19,85

Reb2 41,16

heR8 5.76

9,05 21,4R

10,17 40476

Ge72 4,85

9,96 53,70

9,47 00

2460 «00

10,08 « 00
IN22 «00

S4R5 4,49

7.53 57,11

T.Co «00

feC5 3,06

6e39 «CO

8,52 3.17

10,21 83,51

Tel? 29.55

9,91 46,98

5,88 27 .48

6,23 49,30

a,n1 8,97

10,10 84,93
10.Ca 41,55

5.C1 34,05

7.90 .00

6,91 16,43

7,29 19,61

10.27 35.27

430 «00

S04 .00

9,04 o953

9.R8 .00

1016 .00
5414 64,00
10,35 .00
10,15 .00

7.68 .00

Seb3 .00

P24 162,06

9,94 48,84

9,08 11,95

10631 S«.75

6e73 49,10

10,14 11.88

Q.74 5.98

.97 20,.5R

2,08 43,75

7478 .00

7.49 6.13

9496 20,48

LAST ASCeNONDE
FelLOMG4+DEG,

«00

"2‘.65

=47,31

=70.96

«9heb2

-118,27
-141,93
«165,58
-189,23

=212.89

=236454

«260,20

«307,50

=-331,16

-354,81

‘.

-37R.47
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TABLE Hl. - VHF TELEMETRY COVERAGE

PROFILES - Continued

(TTMF=0) =

EAST LCNGITULF ASC, NCCF
TINE, STATICN MINUTES
MINe I SICGHT
Reb2 WINKFIFLD 9,76
24457 CCLLFCF Q.43
53.95 CRRC®AL 9410
104438 ST. JOKNS Ra40
118460 CCLLFCGF 7,00
146485 CRRCRAL 0478
166674 STe JOENS 10,23
211,85 (CLLFCF 4,76
270422 SANTTAGC Q.82
276478 LIVA Qe23
27630 cLITC 9,37
286424 F1, MYFRS Q,96
288445 RCSMAN 1Nal4
303424 CCLLFCGF Sela
365486 SANTTAGC 7.91
371.83 LIMA 7.55
38146 FT, MYFRS febb
384,08 RCSMAN 6491
3g44C5 CCLLFGF Petl
48640 CCLLFEGF 1n.17
526,C4 JCHAMNFSRLEC Y
576,81 CCLLFGF 5,97
617+1g JCHAMNFSRUFC 10,02
67€.22 CCLLFGF 6451
6G1e67 WINKFIFLD RGR2
785453 WINKFIFLD 1Nel17
837,21 CRRCRAL 9,57
8R14,17 WINKFIFLE 5,46
AR2.,42 STa JCHNS 7.5R8
G0EsG8 SANTTACC Cot2
G32457 CRRCPAL 7,77
97%480 ST JCKENS 10421
GB24,50Q0 RCSMAN 3,14
GR4436 FTe MYFRS 456
g3Ce11 GBLTITP f,73
952.65 LIVA Q.71
§G97.63 SANTTACC 10,24
1671461 ST, JCOENS Se63
1C73.79 RCSMAN 10,37
107613 FTe MYFRS 10,23
1084417 CGLITP Rel2
1087.3 LIMA fe36
1171402 RCSMAN 3e24
125¢6.01 CCLLFGF R,C7
1313,10 JCHAMNESRUPC 9479
1335,C6  WINKFIFLPD R.G1
1345,78 CCLLFGF 10,29
1408494 JCHANNFSRLRC 724
142777 WINKFIFLD 10,20
1443,92 CCLLFGF 94RO
1474,51 CRRCRAL 762
1525445 WINKFIFLD 4,00
1524484 ST, JCHNS 6466
1538,C2 CCLLFGF 7.60
156565 CRRCRAL

10407

MINGTFS SINCE
LAST CONTACT

1,00 DEG

LAGT ASCNODE
Fel OMNGa QDEGQ

100

=22465

46431

=69,96

93,62

117,27
-140,93
-164,58
-188,23

=211.89

=235,54

-259,20

~282485
-306,.50
«33N,16

-353,81

«3T7T.47



TABLE H1. - VHF TELEMETRY COVERAGE

EAST LCNCGITLDF,ASC. NCCF (TIME=0) =

TINE
MINe

8.58
24458
54417

104059
118,63
146479
196474
211465
27C. 26
27€,.,93
27547
286436
288455
294452
303,40
365472
37163
381,60
383,86
394,19
4864C8
526443
576,80
617.18
676,07
661,75
785,53
f37.24
8814C5
882456
GC7.39
632,83
975.80
984493
99C433
962481
997466
1C71,46
1C73.80
1076412
1084.C2
1087.65
117C+57
125€.C7
1313,16
1335,26
1346,80
1408474
1427,78
1443,64
1474,82
1525.C6
1525,.11
1538,C5%
1565456

PROFILES - Continued

STATICN

WINKFIFLD
CCLLEGE
CRRCRAL
STe JCHNS
CCLLFGE
ORRCRAL
STe JOHNS
CCLLFGF
SANTTAGC
LIMA
QLitTe

FTe MYFRS
RCEMAN
ST« JOHNS
CCLLFGE
SANTTAGC
LivA

FTe MYERS
RCSMAN
CCLLFGE
CCLLFGF
JCHANNF SBURCG
CCLLFGE
JCHANNFSRURC
CCLLEGE
WINKFIFLE
WINKFIFLD
ORRCRAL
WINKFIFLD
STe JOKNS
SANTTAGC
CRRCRAL
STe JOCKNS
FTe MYFRS
QLITe
LIMA
SANTTIAGC
STe JOKNS
RCSMAN
FTe MYFRS
GLITR
LIMA
RCEMAN
CCLLECE
JCHANNESRURC
WINKFIELD
CCLLFGE
JCHANNFSPURC
WINKFIFLD
CCLLFGE
CRRCRAL
WINKFIFLR
STe JOKNS
CCLLFGF
CRRORAL

MINUTES
I+ SICHT

9,87
9,51
A, RT7
Re16
7,11
9,47
10,28
4.R0
G.b6
2,55
9,11
9481
10,04
3,73
564
Re24
RsC0
T.19
7.37
Re3]
10e13
£eC9
10,C3
10,113
677
Re60
10,23
G484
5eR6
7.22
S eB7
8,11
10434
3,38
R.28
9,51
10430
6,07
10637
10430
Re51
fe98
4427
7.88
9,62
Re,73
10,26
7468
10,76
Q,R6
Tel4
4,72
beb1
7.72
10.16

MINUTFS SINCE
LAST CCONTACT

6,13
20,07
41,58
5,88
21.05
40,47
4,92
53,51
«00
«00
.00
«00
.00
S.16
56.68
«00
1,97
.00

2.97
83.58
30,23
47,28
27.35
48,75

8,91
85,18
41.49
33.97

.00
17.61
19,57
34,87

2,02

2.00 DEG

LAST ASC.NODE
go'ONGo'DEGo

2,00

'21065

-45.31

-68.96

=92,62

-116,27
~139,93
-163,58
-187,23

=-210,89

234,54

-25R,20

~281,.85
~305,50
=329,16

=352,R1

-376447

269



270

TABLE H1.

EAST LCNCITUCF,ASC,

TINE
MIN,

8.56
24460
54440

104,80
118466
146,75
196476
212,03
27C.32
277,C5
275465
286450
288,66
294.C8
303,57
365,58
371e4b
381,38
383,66
3G4434
486416
52¢.88
575,80
617419
675462
6G61,4,R3
785453
837,29
880095
882471
GC7.84
932469
675481
9G9C«57
692459
G97.70
1071,33
1073.82
107¢€412
1083,.88
1087,42
117Ce24
1256413
1313,24
1335,44
134G.83
14C8456
1427479
1443,96
1475.16
1524,74
1525.41
1538,C7
1565458

STATICN

WINKFIFELD
CCLLFGF
CRRCRAL
ST« JOKNS
CCILLFCF
CRRCEAL
STe JOWNS
CCLLEGF
SANTTACC
LIMA
GLITO

FTe MYFRS
RCSMAN
STe JCHNS
CCLLFGE
SANTTIAGC
LIvA

FTe MYFRS
RCSMAN
CCLLFGF
CCLLFEF
JCHAMNESRURG
CCLLFGF
JCHAMNFSRBURC
CCLLFCGE
WINKFIELD
WINKFIFLD
CRRCRal
NINKFIELD
STe JOKNS
SANTTACC
CRRCRAL
STe JOHNS
QLITn
LIMA
SANTTAGC
STe JOHNS
RCSMAN
FTe MYFRS
aLrTn
LIVA
RCSMAN
CCLLFGF
JCHANNFSR|RG
WINKFIFLD
CCLLFGE
JCHAMNFSRURC
WINKFIFLD
CCLLFCGFE
CRRCRAL
WINKFIFLD
STe JOKNS
CCLLEGF
CRRCRAL

NCCF

MY
IM

(TIME=n) =

NUTFS
SICHT

097
0058
A,61
7.51
7l23
Q46h5
10432
4,R6
QQI‘B
8,63
ReR1
"9465
9,93
4,56
5,54
8455
“039
7.66
7.78
420
1009
Sa%2
10,08
10,22
7.”2
f,37
10,27
9459
bel
6,83
5423
R,42
10436
7.97
9.28
1Ne34
647
10426
10434
R 84
7.51
5,06
7.69
q.“l
R,55
10,22
Re07
1130
9,92
6eR1
5.32
hel2
7473
10624

MINUTFS SINCE
LAST CONTACT

6.08
20,21
41,79

5.95
20.85
40436

53.43

75431
80.83
49,42
12.79
5,84
4851
11.15
5,87
21,28
42,78
.00
6.45
20,07

3,00 DEG

- VHF TELEMETRY COVERAGE
PROFILES - Continued

LAST ASCeNODE
Fol.ONG, sNEG,

6T 496

~91,62

-115427
-13R,93
~162,58
-186,23

~209489

=233,54

=257,20

=280,85
=304,450
-328,16

-351,81

=375.47



TABLE Hl. - VHF TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNGITULF+ASC, NCCF (TTME=z0) = 4,00 DEG
TIVE, STATICN MIRUTFES MINUTFS SINCE LAST ASCNODE
MINe IN SICGHT ILAST CONTACT FoLONGe+DEG,
Be53 WINKFIFLD 1n.05 4,00
24462 CCILLFGF 9466 6,04
54,65 ORRCPAL .33 20,37
105,03 ST. JORNS 7464 42,05 ~19,65
118,70 CCLLFGF 7,35 6,03
146472 CRRCPpL 9480 20,67
19678 STe JCKHNS 10,35 40,26 -43,31
212412 CCLLFGF 4,92 4,99
27Ce39 SANTTAGC 9,27 53,35
277.28 LIvA Re?27 .00
27%.86 GLITE Reb6 .00 ~66496
286e65 FTe MYFRS Seb6 .00
2RB8478 RCEMAN Q9,80 .00
293,72 STe. JCHNS 5423 «00
303,73 CCLLFGF 5,464 4,17
365447 SANTIACGC R,a82 56.29
37131 LIMA Re73 .00
381418 FT. MYFRS R,06 l.14 -9N,62
383,48 RCSMAN .14 .00
394+49 CCLLFGE 2,09 2.87
486425 CCLLEGF 10404 83,66 ~114.27
527441 JCHANNFSPURC 4060 31.12
575,79 CCLLFGF 10,13 47,78 ~-137,93
617421 JCHAMNFSRURG 10429 27.28
675479 CCLLFGF 7.25 48,29 161,58
661453 WINKFIFLR Re12 8,89
785453 WINKFIFLD 104,31 85.48 -185,23
837434 CRRCRAL 9451 41,49
88CeRS5 WINKFIFLP 6e58 34,00 =208 489
882489 STe JCHNS fe40 .00
908,35 SANTIAGC 4,46 19,07
632,57 CRRCPRAL R,69 19,76
G75e82 STe JOHNS ine37 34,56 232,54
99C«84 GLITO Ta51 4465
563,18 LIMA 9,02 .00
967475 SANTTAGC 10,37 + 00
171,22 ST, JCHNS 6,84 63,11 -?256,20
1C73.85 RCSMAN 10432 .00
107¢6.13 FT. MYFRS 1037 +00
1083477 QLITO Q.14 . C0
1087423 LIMA 7.56 .00
1166.,57 RCSMAN Se72 T4.7R =27G,85
1256420 CCLLFGE 7.48 80.51 303,50
1313433  JCHANNESBURC 9.18 49,65
1335,63 WINKFIFLD A,34 13,12 -327.16
1345,85 CCLLEGF 1N.19 5,88
1408441 JCHANNFSRURCG Re&?2 48,37
1427,81 WINKFIFLD 1n,313 10,98 «350,8]
1443,58 CCLLFGF 9,97 5,84
1475.52 CRRCRAL 6413 21,57
1524,46 WINKFIFLD B e R4 42,61 «374,47
1525.72 STe JOKNS 5eR0 .00
1538410 CCLLFGF TeG4 6.58
15664C1 CRRCRAL 10.30 19.96
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TABLE Hl. - VHF TELEMETRY COVERAGE

EAST LCNGITUCF.ASC,

TINE«
MINe

8.52
244,64
54,91

105.27
118,73
146470
156481
212,20
27C,46
277,49
28CeC8
2864381
288,651
263,42
303,89
365436
371419
381,02
383,33
364,64
486,33
528406
576,80
6174264
675466
662,03
785.54
B37.36
88C.77
883.09
908.58
932,46
975 .84
9G61.15
963,439
§G7.81
1€71,.12
1C73.88
1076.14
1083.67
1087,06
1166475
1256427
1313,43
1335,83
1346,.88
1408427
1427.83
14444C0
1475452
1524,22
152¢.C7
1538413
1566405

272

PROFILES - Continued

STATICN

AINKFIFLC
CCLLECGE
ORRCRAL
STe JOHNS
CCLLFGE
CRRORAL
STe JOHNS
CCLLFGF
SANTIAGC
LIVA
gutiTe

FTe MYERS
RCSMAN
STe JOHNS
CCLLEGF
SANTIAGC
LIMA

FTe MYFRS
RCSMAN
CCLLEGE
CCLLECGE
JCHANNF SPURC
CCLLFGE
JCHANNFSRURC
CCLLEGF
WINKFIFLD
WINKFIELD
ORRCPAL
NINKFIFLP
STe JOKNS
SANTYAGC
ORRCRAI
STe JOKNS
GaLITC
LIMA
SANTIAGC
STo JOHNS
RCSMAN
FT« MYERS
GLITP
LIMA
RCSMAN
CCLLFGE
JCHANNFSRURCG
WINKFIFLD
CCLLFGF
JCHANNFSBURG
WINKFIFLD
CCLLFGE
CRRCRAL
WINKFIFLD
STe JOHNS
CCLLFGF
CRRORAL

NCCF

A
In

(TIME=0) = 5,00 DEG
NUTES MINUTFS SINCE
SICGHT LAST CONTACT
1”.13
9,72 54,99
8003 20.55
T34 42,33
7647 6411
9494 20.51
10,37 40,17
44,98 5402
9,04 53,29
7.R6 .00
8,07 .00
9425 .00
9465 .00
54 R0 .00
5.35 4,66
9,07 56411
9003 .OO
Bet2 .80
2,46 .00
. Te98 2.85
9.99 83,71
3.55 31.73
10,18 48,19
10434 27.26
Te4? 48,08
7.85 8.90
10,34 85.66
9432 41,51
6,90 34,06
5490 .00
3,48 19.98
A,94 20,01
10,37 34,43
6498 4,95
8.72 .00
10,37 .00
7.18 62.94
10.28 .00
10637 .00
3,40 .00
R,36 .00
6.28 74432
726 80424
R.52 49,90
Re13 13,48
10414 5492
Be73 48425
10,35 10,83
10,03 5.81
5.79 21,90
6420 42,51
5433 .00
ReN5 6.73
10,34 19.87

LAST ASCeNODE
FEeLONGe +DEG,

5.00

~18,65

'Q2.31

-65.96

=89,62

-113.27
~136,93
-160,58
-184,23

=207.89

=231.54

-255,20

=278,85
=302450
~326616

«349,81

-373,47




TABLE Hl. - VHF TELEMETRY COVERAGE

PROFILES - Continued

EAST LCNGITUDF.ASC, NCCF

TINE
MINe

8,52
24466
55420

106427
10553
118,75
196,484
212,27
27C+55
2717.73
28C.35
286,99
285.06
263,16
304.C5
365.26
371.08
38C.87
383,19
354,79
486443
575.80
617.28
675,54
692+15
785455
837.46
88C.69
883,33
932,437
975486
991451
6593463
997,88
1071,.03
1073492
1076416
1083,59
1086,52
1054456
1166455
1256434
1313,55
133¢,03
1345.51
1408415
1427,86
1444,02
1476437
1524,00
152€444
1538,15
1566410

STATICN

WINKFIFLD
CCLLFGE
CReCPAL
WINKFIFLD
STe JCHNS
CCLLECGE
CRRORPAL
STe JCHNS
CCLLFGF
SANTTACGC
LIMA
GLITo

FTe MYERS
RCSMAN
STe JOHNS
CCLLFEGE
SANTTACGC
Liva

FTe MYFRS
RCEMAN
CCLLFGE
CCLLEGE
CCLLEGF
JCHANNFSRURG
CCLLFGE
WINKFIFLD
WINKFIELD
CRRCRAL
WINKFIFLD
STe JOHNS
ORRCRAL
STe JOHNS
GLTTO
LIMA
SANTTAGC
ST, JOKNS
RCSMAN
FTe MYFRS
qLITY
LIvVA
SANTTAGC
RCSMAN
CCLLFGFE
JCHANNFSRURC
WINKFIFLD
CCLLFGF
JCHANNESRURG
WINKFIFLE
CCLLFGF
CRRCPAL
WINKFIFLD
STe JCHNS
CCLLFGF
CRRCRAL

(TIME=D) = 6,00 DEG
MINUTES MYNUTFS SINCE
IN SIGHT LAST CONTACTY

1N, 19

9.79 5.95
7.69 20,75
3,85 43,39
7,02 00
7.58 fe2l
10.05 20436
10,37 404,10
5,05 5.06
Re77 53,23
7.38 .00
Te62 .00
3,70 00
Q.48 .00
6430 « 00
5426 4459
9,29 55495
9,30 .00
Re 74 50
R, 75 .00
7.87 2485
9494 83,76
10422 83,44
10,36 27.26
7.58 47,89
Te58 8493
10,36 85.86
9.09 41455
T.19 34,14
S5e34 .00
9417 43,70
10436 34,32
be36 5.30
R,38 00
10436 00
7.49 62,79
10,21 00
10,26 00
Q62 .00
Re71 «00
V.67 <00
6.78 Tl.12
7,03 80,01
Reb2 50.18
7,90 13,87
10409 5497
9400 48,15
10,37 10,71

10,07 5,79

516 22.28

611 42,47

4480 .00

A, 16 6,91

10,36 19,78

LAST ASCNODE
Fel ONG,4 +DEG.

=41,31

=644,96

‘8“.62
-112,27
-135,93
-159,58
-183.23

=20h4R9

=230454

-254,20

=277.85
-30] .50
-328,16

-348,81

=372,47
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TABLE Hl. - VHF TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNCGITURF4ASC, NCCF (TIMF=z0) = 7.00 DEG
TIVE, STATICN MINUTES MINUTES SINCE 1 AST ASC.NNDE
MINe 1IN SICGHT LAST CONTACT F.lLOMGesDEG,
Re52 WINKFIFLD 10425 7.00
24468 CCLLFGE 9,85 5.91
55.50 CRRCRAL 7.31 20.97
105487 WINKFIFLD 4,59 43,06 =1he65
105,80 ST. JOHNS be67 .00
118,78 CCLLFGF 7.70 6,31
146070 QORRCPRAL 10615 20422
196489 STe JOKNS 104,37 40,04 ~40431
212.35 CCLLFGE 5413 5.09
27Ce65 SANTTAGC .48 53,18
278401 LIMA 683 .00
28C,64 QLITN 7.11 .00 -63,96
287.19 FT. MYFRS R,73 .00
289422 RCSMAN 9429 .00
262462 STe JOKNS 6e75 .00
304,21 CCLLFGF 5418 4,54
365,17 SANTIAGC 9,48 55,78
37C,58 LIMA 9,53 .00
38C.75 FTe« MYERS Ne02 .23 -87.62
383,08 RCSMAN 9.00 .00
394,65 CCLLFGE 776 2.87
486452 CCLLFGF 9,88 83,81 111,27
576,81 CCLLEGF 10425 83,41 =134,93
617434 JCHANNFESBURC 10,37 27.27
675,43 CCLLEGF T«87 - 47,72 -158,58
692428 WINKFIFLP Te22 8,97
785.56 WINKFIFLD 10437 86,07 -182.,23
837,54 QORRORAL R, R4 41,61
88Ce62 WINKFIFLP 7,47 34,24 =205,.,89
883,61 ST, JOHNS 4468 .00
632.28 ORRCRAL 9437 43,99
375.R8 STe JOKNS 10,33 34,23 229,54
691,93 GLITP 5461 5.72
993,89 LIMA 7.99 +00
997,96 SANTIAGC 1034 .00
107C,95 ST, JOKENS 7,77 62,65 «253,20
1073,56 RCSMAN 10,13 . .00
1076419 FTas MYERS 10,32 .00
1083.53 QLITC 9,81 « 00
1086,80 LIMA 9,02 .00
1064444 SANTIAGC 4455 .00
1165639 RCSMAN 722 70440 «276485
1173.31 FT. MYERS 3.76 .00
1256,42 CCLLFGE 6,78 79.35 ~300,50
1313.68 JCHANNESRURC Re28 50448
1336,25 WINKFIFLD Te66 144,29 «324,16
134$.63 CCLLEGE 10,04 6.03
1408404 JCHAMNESBURG 9425 48,07
1427.90 WINKFIFLD 10,37 10,61 -347,81
1444403 CCLLFEGE 10,12 576
147¢.88 CRRORAL 4ebQ 22,73
1523.80 WINKFIFLE 7.08 42,51 «3714,47
1526.86 STe JOHNS 4,18 .00
1538,18 CCLLFGE B8.27 Tel3
1566416 ORRCRAL 10437 19.71
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TABLE H1.

EAST LCNGITLDF ASC. NCCF

TIME,
MINe

B8e53
2470
55483

105.54
10é.09
118481
146471
196,64
212441
27C77
278434
28C,58
287,40
285439
262472
304.36
365.C9
37C.91
38Cet4
382.98
395,10
4BE 62
576483
617440
675,32
692441
785458
837,63
AB8Ca56
883,56
932420
975490
962443
994419
998,405
107C,R8
1074.02
1076423
1083.49
1086.70
10G4.C5
1165424
1172.86
1256.51
1313.83
133¢6.48
134G,56
1407.94
1427,94
14444C5
1477.50
1523,62
1527435
1538,20
1566423

STATICN

WINKFIFLP
CCLLEGFE
CRRCORAL
WINKFIFLD
STe JOHNS
CCLLFGE
CRRCRAL
STe JOKNS
CCLLFGF
SANTTAGC
LIMA
QLIiTH

FTe MYFRS
RCSMAN
STe JOHNS
CCLLEGF
SANTTAGC
LIMA

FTe MYERS
RCSMAN
CCLLEGF
CCLLFGE
CCLLEGF
JCHAMNNFSRLRCG
CCLLFGF
WINKFIELD
WINKFIFLD
CRPCRAL
WINKFIFLR
STe JOHNS
CRRCRAL
STe JCHNS
gLITr
LIMA
SANTTAGC
ST JOHNS
RCSMAN
FTe MYFRS
GLITC
LIMA
SANTTAGC
RCSMAN
FTe MYERS
CCLLFEGF
JCHANNF SR{RC
WINKFIFLD
CCLLFGF
JCHANNFSPURC
WINKFTELR
CCLLFGF
CRRCRAL
WINKFIFLE
STe JCHNS
CCLLFGF
CRRCRAL

(TTME=n) = 8,00 DEG
MINUTES MINUTFS SINCE
IN SIGHT LAST CONTACT

10429

9,91 5.88

6,89 21,23

5.21 42.81

6430 .00

TeR1 6,42

1N.23 20.10
10,35 40,00

5421 5,12

R.14 53,15

6,18 «00

6,51 .00

R,63 .00

9,08 00

Tel4 00

8,10 4450

9,66 55,63

9,73 .00

.27 01

9.23 .00

7,65 2.90

9,R2 83,87

10.728 83,39
10,36 27.29
R,06 47,56
beR6 9.03
10637 86.30

Re56 41,68

773 34,37

3,88 .00

5456 44,36

10430 34,15
469 64,23
7.54 .00

10,29 .00
R,04 62,53

10,02 «CO

10426 .00

9.97 .00

9,29 .00

5e37 .00

T.61 69.82

4,77 .00

TeRg 50.81

7639 14,75

998 6,09

9,47 48,00

10,37 10,53

10.16 S5aT4%

3,45 23,29

7,62 42,66

3,45 .00

Red7 To41

10,37 19,65

- VHF TELEMETRY COVERAGE
PROFILES - Continued

LAST ASC.NODE
Eo'.ONGo 'DEG.

-39,31

-62,96

-86e62
«110427
=133,93
-157,58
'18]023

-204,89

=22Re54

-252,20

~275,85
-299,50

-323,.16
~346,81

=370,47
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TABLE H1. - VHF TELEMETRY COVERAGE

PROFILES - Continued

EAST LCNGITUDF,ASC. NCCF

TINE,
MINS

8.51‘
24472
56419

105.25
106440
118,84
167.C0
212,48
27C.S0
278472
281437
287.64
28G458
292453
304,52
365402
37C,84
38C+55
382.89
365,26
486,72
579,84
617448
675423
785460
837.74
88C.51
932,12
975493
993,10
§G4,51
998,16
107C,81
1074.,08
107€.28
1083,.,46
1086463
1093,73
116G.12
1172.52
125¢,60
1314401
1336,72
1345,99
1407,.86
1428,00
14444,C7
1523446
1538,.,22
1566431

2176

STATICN

WINKFIELD
CCLLFGFE
ORRORAL
WINKFIFLC
STe JOENS
CCLLFGE
ORRORAL
STe JOKNS
CCLLFGE
SANTTAGC
LIVA
GLITE

FTe MYERS
RCSMAN
STe JOHNS
CCLLFGE
SANTTAGC
LiMA

FTe MYFRS
RCSMAN
CCLLFGE
CCLLFGE
CCLLEGFE
JCHANNFSRURC
CCLLFGE
WINKFIELD
WINKFIFLED
ORRCRAL
WINKFIFLD
ORRCRAL
STe JOHNS
QLITO
LIMA
SANTTAGC
ST. JOHNS
RCSMAN
FT. MYFRS
QuITP
LIMA
SANTTAGC
RCSMAN
FT. MYERS
CCLLFGF
JCHANNESBURG
wINKFIELD
CCLLEGF
JCHANNFSPRURC
WINKFIFELD
CCLLEGF
WINKFIELPD
CCLLEGE
ORRCRAL.

(TIVE=0) = 9,00 DEG
MINUTES MINUTFS SINCE
IN SICHTY LAST CONTACT

10,33

9,596 5.85
6a42 21,51
5475 42,64
5488 « 00
T.92 6455
1029 19.98
10,32 39.97
5429 5,16
7.77 53.13
S5e40 «05
5479 .00
R,09 +48
ReB4 .00
7450 .00
5403 4,49
9,81 55,48
9,90 .00
Q649 00
9e44 « 00
7.53 2293
9,76 83.92
10421 83,37
10,33 27,33
Re23 47,41
bolb 9ell
1036 86,56
Re25 41,78
7.97 34,52
9.72 43,65
10,25 34,09
3,45 6.92
T.04 .00
10,23 .00
8429 62,42
990 .00
1C.19 .00
10,10 .00
9,52 .00
6405 +00
7497 69436
5456 .00
6423 78.53
Teb6 5l.18
T.12 15,25
3,91 6416
S.66 47,96
10,35 10,48
10,20 5472
7.73 69419
8,48 T.04

10434 19,61

LAST ASCeNODE
FelLONG4 sDEG,

9.00

-14,65
=38,31

61,96

85462
-109,27
-132,93
~156,58
-180423
-203,89

=227.54

~251,20

«274485
=-298,50

-322,.16

345,81 °

-369.47



TABLE H1l., - VHF TELEMETRY COVERAGE

PROFILES - Continued

EAST LCNGITUCF.ASC, NCLCF

TIVE,
NINI

8,57
24473
56659

105.00
10674
118486
1‘06078
167.C7
212,54
271406
276421
281,85
287.90
286,78
262436
304467
364466
37C.79
38C,48
382,482
395442
486482
575487
617458
675,14
692075
71432
785462
837,86
632406
975456
964,88
998428
107C.75
1074.14
1076434
1083,44
1086456
1093447
1165.00
1172424
125€,71
1314422
1336497
135C.C2
14C7.79
1428,.,06
14444CS
1523,31
1538425
1566440

STATICN

WINKFIELD
CCLLFGF
CRRCPAL
WINKFIFLD
STe JOHNS
CCLLEGE
CRRCRAL
ST« JOKNS
CCLLFGFE
SANTTACGC
LIMA
GLITe

FTe MYERS
RCSMAN
STe JOKNS
CCLLFGE
SANTIAGC
LIMA

FTe MYFRS
RCSMAN
CCLLFGF
CCLLEGE
CCLLECE
JCHANNFSRURC
CCLLFGF
WINKFIFLD
JCHANNESRUPG
WINKFIFLPR
CRRCPRaL
WINKFIELD
CORRCRAL
STe JOHNS
LIMA
SANTIACGC
STe JOMNS
RCSMAN
FTe MYFRS
GLITO
LIMA
SANTTAGC
RCSMAN
FTe MYFRS
CCLLFGF
JCHANNE SBURE
wINKFIFLD
CCLLFGE
JCHAMNFSRURG
WINKFIELD
CCLLEGF
WINKFIFLD
CCLLFCGE
CRRCRAL

(TIME=N) = 10,00 DEG
MINUTES MINUTFS SINCE
I SICHT LAST CONTACT

10435
10,02 5482

589 21.84

6422 42,52

a2 »00

Re03 6,70

10.33 19.88
10429 39.96

5,38 5,19

7,35 53,13

Geli2 .81

4492 «00

7.70 lo1¢

2,58 .00

T.R3 .00

4496 4448

Q9,95 55433

10404 .00

9468 .00

9,62 .00

Te42 2.99

9,69 83.98

10,33 83,36
10,28 27.38

R,40 47,28

6602 9.21

3,98 1555

10,35 67,32

7.90 41,89

Rel9 34,70

9,86 43,40

10,19 34,04
hok5 8,72
10415 .00
Re51 62432
9,76 .00
10,09 .00
10,21 .00

9.72 .00

heb2 «00

8429 68491

6e?21 .00

5,93 78.25

AeS6 51,58

6482 15,80

9484 6424

3,83 47.92

10,33 10,44
10,23 5.71
01 68459
Re58 6.93
10430 19.57

LAST ASCeNODE
Fol.ONGe +DEGe

10,00

=-13,65

-37,31

-60.96

-B4,62
-107,27
~-131.93

-155,58

-179,23
«202489

-226454

-250620

=?273,.85
=~297.50

-321.16

=344,81

-368,47
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TABLE H1. - VHF TELEMETRY COVERAGE

EAST LCNCGITUCF,ASC.

TIVNE,
MIN.

8.60
2“.75
57403

1C4.78
107.11
118489
146483
197.15
212,60
271,24
276490
282446
288,18
28G495
292421
304.82
364451
37C,75
38Ce42
382476
365,58
486,453
576486
617,68
675,05
662465
713.84
785.64
837469
88C.41
G32.00
G7€.CO
965,430
G98440
107Ce70
1074422
1076440
1083443
1086452
1093424
1168450
1172.C1
1256482
1314446
1337,23
135C,.CS
1407472
1428,12
1444,11
1523,18
1538,27
1566450

PROFILES - Continued

(TTVMEZD) =

NCCF
STATICN MIRNUTES
M SIGHT
WINKFIFLP 10,37
CCLLFGF 10,07
ORRCRAL 5428
WINKFIFLD bebi
STe JCHNS 4,50
CCLLFCGE Rel4
ORRCRAL 10636
STe JOKNS 10,24
CCLLFGF 5e48
SANTTAGC A RT
LIMA .05
aLITe 3,76
FT. MYFRS 7.27
RCSMAN Re29
STe JCHNS Rel2
CCLLECGF 4,R9
SANTTAGC 10,06
LIMA 10,16
FTe MYFRS 9484
RCSMAN 9,78
CCLLFGF 7.30
CCLLFCGE 9,62
CCLLFCGF 10,35
JCHANNESRYEC 10,21
CCLLFCGF 1,55
WINKFIFLD 5452
JCHANNFSRURC 4499
WINKFTELD 10,32
CRRCRAL 7.51
wINKFIFLE Retl
CRRCRAL 9.98
STe JCHNE 10,12
LIMA S5.76
SANTTACGC 10.06
$Te JOKNS 2,73
RCSMAN 94,60
FTe MYERS Q9,87
cLIT? 1N.29
LIMA 9.89
SANTTAGC 7.13
RCSMAN R,58
FTo MYFRS fe78
CCLLFGF 5460
JCHANNFSALRG 6438
WINKFIFLR A .50
CCLLFCE 9.77
JCHAMNFSRLRC 9,97
WINKFIFLD 10,30
CCLLFCF 10,26
WINKFIFLE R,27
CCLLECE 8,68
CRRCPAL 10425

MIN{TFS SINCE
LAST CONTACT

5‘79
22,21
42.47

.00

6.88
19.80
39.96

5.22
53.15

1079

1,96
.00
«CO

4,48

55,19

«00
+00
3,05
84,05
83,34
27,44
47,16
9.34
15.37
66,82
42,04
34.61
43,18
34,01
9,18

62424
. CO

«.CO
.00
.00
68454

78404
52.C4
16.40

6432
47,60
10,43

5.69
68,81

6,82
19.56

11.00 DEG

ILAST ASCeNODE
Fol ONGasDEG

11,00

=12,65

-36,31

-59,96

-83462
-107,27
=-130,93

-154,58

~178,23
-201.89

«225.54

-249.20

=272485
=296450

=320,16

~343,81

=367 .47



TABLE H1.

EAST LCNCGITULF.ASC, NCCF

TINE,
MINe

8463
264477
57452

104,57
107,52
118461
197,23
212,66
271445
29C.23
292408
304,56
364486
37Ce72
38C437
382,71
395,74
487404
57552
617480
674,67
693418
713646
785466
838,15
88Ce37
931495
G764C4
995,480
998454
1C7C.65
1074430
1076 .48
1083 ,44
1086449
1093.05
1168482
1171481
1256,54
1314,75
1337.51
135C.C8
1407467
1428,16
1444413
1523406
1538,29
1566462

STATICN

WINKFIFLR
CCLLEGE
CRRORAL
WINKFTELD
STe JOHNS
CCLLFGE
CRRCRAL
STe JOWNS
CCLLFGF
SANTIACGC
FTe MYFRS
RCsMAN
5Te JCHNS
CCLLEGE
SANTIAGC
LIMA

FTe MYFRS
RCSMAN
CCLLFGF
CCLLFGE
CCLLFGF
JCHANNESRUPG
CCLLFGF
WINKFIELD
JCHANNFSRURG
WINKFIELD
CRRCRAL
WINKFIFLD
CRRCRAL
ST« JOKNS
LIMA
SANTTIAGC
STe JOKNS
RCSMAN
FTe MYERS
GLITC
LIMA
SANTIAGC
RCSMAN
FTe MYFRS
CCLLFGF
JCHANNESRUPG
WINKFIFLD
CCLLFGF
JCHAMNFSRURE
WINKFIFLD
CCLLFGF
WINKFIFLP
CCLLECGE
CRRORAL

MTNUTES
IN SIGHT

1037
10,11
4,56
7.C01
4,31
Re25
1037
10,18
5,58
6.?1
6,79
7.98
f439
4, R4
10.16
1025
9,98
9,92
7.18
QQSB
10,36
10,12
R,70
4485
5678
10,28
T.06
Reb1
10«C9
10,04
4,92
994
Re92
9.41
9,82
10,34
10404
7.56
R, R4
7.27
5424
5efhg
fel5
9,69
10,09
10,26
10.29
Be50
R, 78
10,18

(TIME=0) =

MINUTES SINCE
LAST CONTACT

S5.77
22.64
42449

7.08
19.72
39,97

5.26
53.21
10.74

55.06

3.12
84,11
83,34
27.51
47,06

9.51
15.33
66,42
42,21
35.16
42,97
34,00

9.73

.00
6217
.00
.00
00
.00
«00
68,20

77.87
52.56
17.07

6442
47,50
10,44

5.68
68,66

6.73
19,55

12,00 DEG

~ VHF TELEMETRY COVERAGE
PROFILES -~ Continued

LAST ASC.NODE
FoLONG sDEG,

12,00

-11065

~35,31

=5R,96

*82062
«106427
-129,93

-153,58

=-177,23
-200.89
«224454

-248,20

-271,85
=295,50

=319,16

-342,81

=366647
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TABLE H1, - VHF TELEMETRY COVERAGE

PROFILES - Continued

EAST LCNGITLCF,ASC. NCCF

TINE,
MIha

8468
24479
58,11

104439
107.68
118,464
146465
197.32
212,72
243.85
271.70
288485
2G6C .48
291,56
305.10
364482
37C.71
38C434
3R2467
365451
487,15
575456
61792
674,50
693447
71316
785469
838,34
BBCe34
931450
6764C8
996,443
998469
107Ce61
1074440
1076456
1083446
1086047
1062486
1168474
1171463
1257,C8
1315411
1337,81
135Ca.12
1407462
1428,27
1444415
1522,95
1538,31
1566.74

280

STATICN

WINKFIFLE
CCLLFGE
CRRCRAL
WINKFIFLD
STe JCHNS
CCLLFGE
CRRCRAL
STe JCOHNE
CCLLFCGE
CRRCRAL
SANTTAGC
FTe MYFRS
RCSMAN
STe JOKNS
CCLLEGE
SANTTAGC
LIVA

FTe MYERS

-RCSMAN

CCLLFCE

CCt LFGF
CCLLEGF
JCHANNF SRURG
CCLLFGF
WINKFIFLR
JCHANMNESRLPE
WINKFTELD
CRRCRAL
WINKFTFLE
CRRCRAL

STe JOKNS
LIVA
SANTTACGC

ST JOMNS
RCSMAN

FTe MYFRS
aLITO

LIMA
SANTTAGC
RCSMAN

FTe MYFRS
CCLLFGE
JCHANNFSRURE
WINKFIFLD
CCLLFGF
JCHAMNFSBURCG
WINKFTFLD
CCLLFGE
WINKFIFLP
CCLLFGF
CRRCRAL

(TIMF=n) = 13.00 DEG
MINUTES MINUTFS SINCE
IM SIGHT LAST CQNTACT

1Ne37
10.15 5,74

3465 23.17

7e36 42462

3,60 .00

f435 T7.35

10627 19.66
INe11 40,00

Be.68 5.29

3.85 25446

Reb7 24.00

6,23 11,48

7463 00

Reb4 .00

4,79 4,51

10,24 54,92
10011 .Go
10,10 200
10,C4 00
7.07 3.20
9,47 84,18
10,37 83,33
10401 27.60

B, 84 46,67

4a27 9,72

601"‘0 15.42

10,23 66,10
6,56 42,42
Relg 35,44

10.18 42.77

9,54 34,00

3,R2 10,41

9481 .00

Gall 62611

2,20 .00

G465 .00

10,37 .00

10.15 «00

7495 .00
9,08 67.90
7,70 .00
4,85 77.75
4487 53,17
5477 17.83
G460 64,54
10,19 47,90
10,20 10,46
10,31 5.67

Ro72 68 .49

RGR7 6,64

10,09 19.56

ILAST ASCe.NODE
F.LONG, sDEG,

13,00

-10e65

-34,31

=574,96

-814,62
-105.,27
-128,93

-152,58

-176,23
~199,89

-223,54

-247,20

-270485
294,50

-318,16

-341,81

=365,47




TABLE H1.

EAST LCNGITUCF ASC. NCCF

TINE.
MIN

8073
24.81
104423
118.96
147.C3
197442
212477
243.39
272.C?
286,26
2G6Ce76
291485
305.210
364,78
37C,71
38C432
382465
39¢6,C7
487.27
575499
61R8.,C7
674,83
693483
71291
785472
838,56
88C«30
531.86
976413
998,86
107C+57
1074450
1076466
183,50
1086447
106274
1168,67
1171,48
1257,24
1315459
1338413
135C,.15
14C7,58
1428,36
1444417
1522.85
1538433
1566.88

STATICN

WINKFIFLT
CCLLEGF
WINKFIELD
CCLLFGF
CRRCPAL
STe JCHNS
CCLLECE
CRRCRAL
SANTTAGC
FTe MYFRS
RCSMAN
STe JOKENS
CCLLFGE
SANTYAGC
LIMA

FTe MYFRS
RCSMAN
CCLLFCF
CCLLFGF
CCLLFGE
JCHAMNESRURC
CCLLFGF
WINKFIFLC
JCHAMNESRPC
WINKFIELD
CRRCRAL
WINKFIELD
CRRCPAL
STe JCHNS
SANTTAGC
STe JCHNS
RCSMAN
FTe MYFRS
QLT
LIMvA
SANTIACGC
RCSMAN
FTe MYFRS
CCLLFGE
JCHANNF SRURC
NINKFIFLT
CCLLFCGF
JCHAMNFSRURC
WINKFIFLD
CCLLFGE
WINKFIFLD
CCLLFGF
CRRORAL

(TIME=0) = 14.00 DEG
MINUTES MINUTFS SINCE
IM SICRHT LAST CONTACT

10.36

10,19 5.73
T.67 69,23
Re46 7.06
10435 19.62
10,02 40.C4

5.78 5,33

4,80 24,84

4,90 23.82

.58 12,34

T.24 .00

Re86 +00

4,75 44,53

10,30 54,70
10,35 .00
10420 .00
1Nel4 + 00

6495 3.29

9, %9 84,425

1n,37 R3,33

9,87 27.70

R,97 46,89

1,43 10.02

7.00 15465

1r. 17 65.82
5eG7 42,66
feQ7 35,77

10475 42.59

9,A3 34,02

ST 12.60

Q27 62.06

ReG6 00

Sebb .C0

10637 .C0

10424 .00

Re30 «C0

9429 67,62

P19 .00

4,42 77,67

1.79g 53.62

5e36 18.7%

9,51 6,67

10,26 47,93
10, 14 10,51
10433 Seb6

ReG2 68,35

Re97 6455

Q9,99 19.58

- VHF TELEMETRY COVERAGE
PROFILES - Continued

LAST ASC.NODE
Fol.LONGs +NEG.
14.00

=965

-33,31

=-56,96

-80,62
-104.27
-127,93

-151,58

-176,73
-198.89
«222454

=246420

-269.85
-293,50

-317,16

~340,R1

=364,47
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TABLE Hi. - VHF TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNGITUCF+ASC. NCCF

TINE,
MINe

8,76

24483
1C4 .08
118,68
147412
197453
212482
243404
272444
286,72
2914C6
261475
305.38
364476
37C,71
38Ce32
382464
366,24
487439
58C4C4
618,22
674,17
712470
785.76
836,83
88C,.27
931,83
g76.18
§G66.C3
107C.54
1074462
1076,77
1083.55
108€448
1062462
1168461
1171.35
1257443
1338447
135C.19
14C7.56
1428445
1444419
1522477
1538,.,35
1567.C2

SYATICN

WINKFIFLPE
CCLLFGF
WINKFIFLE
CCLLFGF
CRRCRAL
STe JCHNS
CCLLFCFE
CRRCRAL
SANTTAGC
FT. MYFRS
RCSMAN
STe JOKNS
CCLLFGF
SAMTIACC
LIMA

FTe MYFRS
RCSMAN
CCLLFCE
CCLLFCE
CCLLFCGF
JCHANNFSRURE
CCLLFGF
JCHANNFSPURG
WINKFIFLE
ORPCRAL
WINKFIFLE
CRRCRAL
STe JOHRNS
SANTTACGC
STs JOENS
RCSMAN
FT. MYFRS
GLITN
LIMA
SANTTACGC
RCSMAN
FTe MYFRS
CCLLFCF
WINKFIFLP
CCLLFCGF
JCHAMNFSRLURC
NINKFIFLD
CCLLFCGF
NINKFIFLD
CCLLFGF
CRPCPAL

M1
v

(TIME=0) = 15,00 DEG
NUTES MINGTFS SINCE
SIGHT LAST CONTACT
1ne23
10,23 5.71
7.96 69.02
P56 6,95
10,31 19.58
9,93 40,09
.89 5.36
Se56 24,33
1,92 23,84
4,70 13,37
64R0 .00
9,07 00
4.71 4,56
10634 54,67
10,37 .00
10,27 .00
104722 _ «CO
64,R3 3,38
9,71 84,32
10,27 83.33
Ge2 27,62
9,10 46,83
"TebR 28483
10,11 65,58
Ra?9 42,97
Q.13 36,15
17,31 42,43
G470 34,05
9449 13,14
Q.43 62,02
R,70 .C0
Q.24 .00
1fe?5 .00
1021 . CO
P61 .00
q.48 67,38
R,43 G0
2,63 77465
4,450 77.11
Q.41 6,82
10,32 47 .96
10,08 10,58
10435 5466
9,11 68423
9,06 6o4R
Q.87 19,61

LLAST ASCeNODE
Fel ONGa+DEG,
15,00

~8,65

-32,31

~55,96

~70462
-103,27
-126,93
-150,58
-174,23
-197,89
=221.54

-24%,20

-268,85
-?9?050
«316416
=330,R1

-363.47



TABLE HI.

EAST LCNGITUDF.ASC, NCCF

TIVNE,
NINe

8,85
24485
103,94
116,00
147.22
197464
212487
242474
26C+30
261.39
291467
305451
364,73
37C,73
380.32
366,40
487,51
58C.C8
618,439
674,71
712451
785.80
836,18
88C.25
931,80
97624
965422
107C.51
1074.75
1076489
1083460
1086450
1092452
1168456
1171.24
1257466
1338.84
135C.22
1407.54
1428,55
1444.21
1522469
1538,37
1567.18

STATICN

WINKFIFLD
CCLLFGE
WINKFIELD
CCLLFGE
CRRCRAL
STe JOKNS
CCLLEGE
CRROPAL
FTe MYFERS
RCSMAN
ST« JOHNS
CCLLFGF
SANTIAGC
LIMA

FTe MYFRS
RCSMAN
CCLLFGE
CCLLEGE
CCLLEGE
JCHANNFSBUPC
CCLLFGE
JCHANNF SBURG
WINKFIELD
CRRCRAL
WINKFIELD
CRRCRAL
STe JCHNS
SANTYAGC
STe JOKRNS
RCSMAN
FTe MYERS
Quite
LIvA
SANTTACGC
RCSMAN
FTe MYERS
CCLLECGE
WINKFIFLD
CCLLEGFE
JCHANNFSR(RC
WINKFIFLE
CCLLFGF
WINKFIFLED
CCLLEGE
CRRCRAL

(TIMF=0) = 16,00 DEG
MINUTES MINyUTES SINCE
IN SICGHT ILAST CONTACT

10430

10.?6 5.69
Ba22 68,84
8,66 6.84
1Ce26 19,56

9,83 40,16

6,00 5440

6.19 23,87

3.82 41,37

6,32 .00

Se25 00

4,68 4459

10,%6 54,54
10,37 .00
10,32 +00
1028 «00

6,72 3,49

9,23 84,39

10,37 83,.3¢

S.54 27.95

9,22 46,78

7491 28.58

10,03 65437
4445 43,35
9.28 36,62

10435 42,28

9.56 344,09

9430 13.42

9,57 61.599

Re40 00

8,58 .00

1030 «C0
10435 .00

R,89 .00

Q.65 67.15

f,73 .00

3,36 T7.68

44,39 77.83

9,30 6,99

10,36 48,01

10,00 10,66

10,36 S.66

9,28 68,12

9415 6,40

9473 19.66

- VHF TELEMETRY COVERAGE
PROFILES - Continued

LAST ASCeNODE

FoeLONG, sDEG,
16.00
«T7465

=31,31

°5l‘.96

-78462
-102,27
«125,93
=149,58
-173,23
~196,4R9
~220454

244420

267485
=291450
-315.16
=338,81

=362,47
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TABLE H1. - VHF TELEMETRY COVERAGE

PROFILES - Continued

EAST LCNGITUCF.ASC, NCCF

TINME,
MINe

8,462
24487
103,82
116,C3
167.76
212.92
242449
291,76
291,60
305464
369472
37Ce76
380434
382,65
39€.57
462467
487463
58C,13
618,58
674466
712436
772454
785,84
836,65
88Cs22
931478
976431
995,443
107C49
107489
1077.C3
1083,68
1086454
109244
1168452
1171.14
1339,.25
135C.26
1407452
1428466
1444423
1522462
1538439
1567435

284

STATTCN

WINKFIELD
CCLLFGF
WINKFIFLD
CCLLFCE
ORRCRAL
STe JOHNS
CCLLECGE
CRRCRAL
RC SMAN
STe JOKNS
CCLLFGE
SANTTAGC
LIMA

FTe MYERS
RCSMAN
CCLLECGE
SANTTAGC
CCLLEGE
CCLLFGE
JCHANNFSPURCE
CCLLFGE
JCHAMNFSBURCG
CCLLECE
WINKFIFLD
CRRCRAL
WINKFIFLE
CRRCRAL
ST. JOKNS
SANTTAGC
STe JOHNS
RCSMAN
FTe MYERS
GLITC
LIMA
SANTTAGC
RCSMAN
FTe MYFRS
WINKFIFLD
CCLLFGE
JCHANNFSBURCE
WINKFIELD
CCLLFCGF
WINKFIFLD
CCLLEGF
ORRCRAL

(TIMF=0) = 17,00 DEG

MINUTFS MINLTFS SINCE

IM SICGHT LAST CONTACT
10e26
10,29 5.68
R 46 68,67
8,76 6,74
1C.19 19.55
G,.71 40,24
fhell 5,44
be73 23,47
5,76 42,53
9,42 .C0
Gebb 4,62
10,37 54,42
10,33 .CO
10,26 .00
10,33 .00
6460 3.60
3,06 59.50
9.15 21,90
9434 28,09
9,23 46,15
Re28 28437
3.59 51.90
9,94 9.71
3,34 43,88
Q.42 37.24
1037 42.14
.41 34,16
9,08 13,71
G470 61.98
R.07 00
Re69 .C0
10,23 .00
10,37 .CO
9,13 .00
9480 66495
9.01 .00
3,70 159,11
9,19 7.21
10.37 48,07
9.91 10,76
10,37 5.66
9443 68,03
9,23 6,34
9.57 19.73

1L AST ASC.NODE
F el ONG4 +DEG,

17,00

-bye65

=30,31

«-53,96

-T77462

-101.27
~124493

-148,58

-172,423

«1G964R9
~-219454

-243420

=266485

-314,16

-337,81

=361e%7



TABLE Hl. - VHF TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNGITUCFLASC, NCCF (TIME=N) = 18,00 DEG
TIME STATICN MINUTFES MINUTES SINCE L AST ASCeNODE
MINe IN SIGHY LLAST CONTACT ELLONG.+DEG,
GeCO WINKFIFLMR 10621 1R4,00
24486 CCLLEGFE 10,31 5.67
103,71 WINKFIFLE Ro68 68452 -5465
116.05 CCLLEGFE R, 6465
147446 CRRCRAL 10,11 19455
197489 STe JOHNS 9,58 40,33 -29,431
212496 CCLLFGE 6422 5.48
242428 CRRCRAL 7,20 23,10
262417 RCSMAN .11 42,69 52496
291,54 ST. JOKNS 9,57 .00
30576 CCLLFGF behS 4465
36471 SANTIAGC 10.36 54431
37C.80 LIVA 10,28 00
380,37 FT, MYERS 10,37 .00 76462
382,67 RCSMAN 10,36 .00
366e74 CCLLEGFE 6448 3,71
462415 SANTIAGC 4,18 58,93
487,76 CCLLFGE 9,06 21,43 =100,27
58C,18 CCLLEGE 10,35 83,37 -123,93
618,78 JCHANNFSPRURC 9,11 28,25
674,62 CCLLEGF G,43 46,73 -147,58
712023 JCHANNFSPURC Reb2 28.18
772423 CCLLFCGE 4412 51.39 =171,23
785.88 WINKFIFLP 9,83 9,53
88C,20 WINKFIFLD 9,55 84,49 -194,89
G31s77 CRRCRAL 1037 42.01
976¢38 STe JOHNS 94,24 34,23 =21Re54
596465 SANTIAGC R, R4 14,03
102G6+.24 CRRCRAL 4,06 204,75
107C.47 ST, JOKNS 9,82 37.17 -2424,20
1075,06 RCSMAN 7.70 .00
107719 FTas MYFRS Re37 .00
1083.76 AQLITC [10s13 .00
1086456 LIMA 10,37 .00
1092437 SANTTAGC 9.35 .00
1168.,48 RCSMAN 9,93 66,76 -26%,85
117105 FTe MYFRS 9,75 .CO
1336,73  WINKFIFLD 3,09 159.43 =313.16
135C430 CCLLFGF 9,07 T7.49
1407452 JCHANNFSPRURC 10,37 48,15
1428,77 WINKFTELD 9,81 10,88 -336,81
1444,25 CCLLEGF 10,37 Se67
1522,57 wINKFIELD 9,57 67.95 =360,47
1538,41 CCLLFGF 9432 6,27
1567.53 CRRCRAL 9,39 19.81
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TABLE H1. - VHF TELEMETRY COVERAGE

PROFILES - Continued

EAST LCNGITUCF4ASC. NCCF

TINE,
MINe

Ge08

24450
103,61
116,07
147459
198,C3
213,00
242,10
292,66
261,48
305.88
364,71
37C.86
38C,41
382,70
396491
461,77
487,89
58C424
615,00
674,57
712.12
771697
785463
88C,.19
G31,.76
976445
996,88
1028,86
107C 445
1075e24
1077.36
1083,.,86
1086455
1092431
1168445
1170.98
118C,49
1350435
140752
1428489
1444,27
1522452
1538443
1567473

STATICN

WINKFTELD
CCLLEGE
WINKFIELD
CCLLEGE
nRRCRAL
STe JOENS
CCLLFGF
CRRCRAL
RCSMBN
ST. JOKNS
CCLLFGF
SANTTAGC
LIvA

FTo MYFRS
RCSMAN
CCLLFGF
SANTTAGC
CCLLFGE
CCLLEGF
JCHANNFE SRURG
CCLLEGF
JCHAMNFSPURG
CCLLEGF
WINKFIELD
WINKFIFLD
CRRCRAL
STe JOHNS
SANTTAGC
ORRCRAL
STe JORNS
RCSMAN
FTe MYFRS
GLIT?
LIMA
SANTTAGC
RCSMAN
FTo MYERS
cLITO
CCLLFGE
JCHANNE SRURG
WINKFIFLD
CCLLFGF
WINKFIFLE
CCLLEGF
CRRCRAL

(TIME=0) = 19,00 DEG
MINUTES MINUTFS SINCE
IN SICHT LAST CONTACT

1016

10,33 5.67
R.89 684,38
8,95 6.57
10,01 19.57

9,44 40,44

6,34 5,52

7,62 22.76

4,34 42,93

9,71 .00

bebb 44,68

10,33 54,19
10420 .00
10437 .00
10,37 .00

6637 3,84

5402 58449

8,97 21.10

10,33 83.38

R, R5 28,43

9,53 46,73

R.91 28,01

4459 50.94

9,72 9,38

.67 84,54

10436 41,90

9.05 34,33

R.58 14,38

4,89 20,40

9492 36470

7429 .00

R.,00 .00

10,01 .00
10,34 .00
9,55 .00
10,85 664,59

9447 .00

4,33 .05

8.5 165452

1034 48,24

9.71 11,02

10,37 5,67

9'70 67088

9440 621

9420 19.90

LAST ASCeNODE
Fel.ONGe yDEGe

19,00

wb 65

=2R,31

-51,96

=75462

-99,27
~-122,93

~146,58
=170,23
-191089

=217,54

-241,20

264485

-312016
~-335,81

=359447



TABLE H1.

EAST LCNGITUDFASCe NCCF

TIVE,
MINe

Sel?

24452
103,52
116.C9
147474
198.18
213.04
241454
263,25
291,44
3C5.99
364472
37C.62
38C,46
182,74
367.C7
461445
468,C0
48C .46
488,02
58C43C
619424
674,54
712.C2
771,73
785468
88Cel7
G31,76
976453
100C,.13
1028455
107Ce44
1075445
1077.55
1083,98
1C8€473
106227
1168443
117CeG2
118C,.C2
135C+39
140754
1425.C2
1444,29
15C5.04
1522,48
1538445
1567454

STATICN

WINKEIFLD
CCLLFGF
WINKFIFLD
CCLLFGF
CRRCRAL
STe JOKNS
CCLLEGF
CrRRCPA!
RCSMAN
STe JCHNS
CCLLFGF
SANTTAGC
LIMA

FTe MYFRS
RCSMAN
CClLLEGF
SAMTYACC
LIMA
RCSMAN
CCLLFGE
CCLLECGF
JCHAMNESRRC
CCLLFGE
JCHANNF SRURC
CCLLFGFE
WINKFIFLD
WINKFIELR
CRRORAL
STs JCHNS
SANTTAGC
ORRCRAL
STe JOKNS
RCSEMAN
FTe MYFRS
QLITN
LIMA
SANTTAGC
RCSMAN
FTe MYFRS
aLITe
CCLLFCGF
JCHAMNNFSRURG
WINKFIFLD
CCLLFGF
JCHANNFSRURC
wINKFIFLD
CCLLFCGE
CRRCRAL

(TIME=0) = 20.00 DEG
MINUTES MINUTFS SINCE
IN SICHT ILAST CONTACT

10,09
10,25 5.66

9.08 68425

Q,Ca 6e49

9,89 19,60

9.29 40,56

6,45 5457

8.CC 22.45

3,35 43,31

9,83 +CO

4,65 4,72

10,25 54,08
10,09 .00
10,34 .0C
10,37 .00

6425 3.97

5.71 58.13

4,19 .83

3,46 8,27

A, R7 4,11

10,71 83440

P56 28,63

Se62 46,74

9,17 27.87

5.C0 50,53

%459 9425

9.78 84,60

10,33 41,80

R,84 34,44

R,?8 14,76

5¢58 20,13

10,02 36631

te81 «00

7.58 .00

9,86 +.CO

10629 .C0

9.72 +C0

10,14 664,44

9,66 .00

S5e34 .C0

R,80 165.C3

1070 48,34

9,59 11,19

10,37 5,68

4401 50.3R

Se.R2 13,43

9,48 6.16

R,58 20,01

- VHF TELEMETRY COVERAGE
PROFILES - Continued

LAST ASC.NODE
FoLONGe +NEG,

20,00

-3.65
-27.31

-50096

=-T4,62

-98,27
-121.93
~145,58
-169,23
-192.89

«216454

«240,20

~263,85

=311,16

«334,81

~35R,47
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TABLE H1. - VHF TELEMETRY COVERAGE

EAST LCNGITLCE.ASC, NCCF (TIME=0) =

TINE
MIN.

Se27

24494
103,445
116,11
147.89
198,34
213,Cg
241,81
291,40
306,10
36473
371.C0
373,46
386,52
382.75
357.24
461,19
467452
47797
476461
488,415
58Ce36
615446
674,51
71165
771,51
7864,C4
88C.16
931le76
976445
97662
100C.41
1028429
107C443
1075469
1077.78
1084,11
1086.82
1092424
11674C4
1168441
117C, 86
1179466
1350444
1407.56
1426415
1444431
1504459
1522444
1538,47
1568416

288

PROFILES - Continued

STATTCN

WINKFIFLE
CCLLFGF
WINKFIFLD
CCLLECGF
CRRCPAL
STe JOKNS
CCLLFGE
ORRCRAL
ST. JORNS
CCLLFGF
SANTTAGC
LIvA
aLITC

FT. MYFRS
RCSMAN
CCLLFGF
SANTTAGC
LIMA

FTe MYFRS
RCSMAN
CCLLFEGF
CCLLFGF
JCHANNFSRURCG
CCLLFGF
JCHAMNFSRURC
CCLLFGF
WINKFIFLD
WINKFIFLD
CRRCRAl
WINKFTELR
STe JOFNS
SANTTAGC
CRRCRAL
STe JOWNS
RCSEMAN
FTe MYFRS
GLITe
LIMA
SANTTAGC
STe JORNS
RCSMAN
FTe MYFRS
aLITn
CCLLEGF
JCHAMNFSBURC
WINKFIFLE
CCLLFGF
JCHANNFSPURCG
WINKFIELD
CCLLFGF
CRRCRAL

MINUTFES

N

SICGHT

10.01
10,36
9,25
9,13
°.75
9,13
6,57
8,33
9,54
4,66
10,22
9,96
10,04
10,29
10435
hals
6430
5.20
1,65
4,52
8,78
10,29
R.23
9,71
9,40
5437
9,45
9.88
10429
3,50
qiél
7.96
hel6
10,10
627
Tell
9,68
10.21
9.87
3,40
9,82
4e13
R.66
10,23
9046
10436
4,456
qiqz
qﬂss
ﬂ.73

MINUTFS SINCE
LAST CONTACT

21,00 DEG

LAST ASCeNODE
FeLONGasDEG,

21.00

-2465

-26431

-49,96

-73.62

-97,27

-120,93
-144,58
-16R423
-191,89

=215454

~?239.20

=262485

«310.1¢

-333,81

«357,47




TABLE H1l., - VHF TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNGITUCFLASC, NCCF (TIMEzO) = 22,00 DEG
TINE, STATICN MINUTES MINUTFS SINCE 1 AST ASC.NADE
MIN. IM SICHT LAST CONTACT F LONG,.sNEG,
Ge38 WINKFIFLE 9493 22,00
24466 CClLLFGF 10.37 5,66
103438 WINKFIFLE 9e41 68,05 -1.65
116.13 CCLLFGF 9422 6435
14R+C6 CRRCPAL 9440 19.71
19851 STe JCHNS f495 40,85 -25,31
213412 CCLLFCGF 6469 567
2641469 CRRCRAL R.613 21,88
291438 ST. JOHNS 10474 41,06 ~4R,96
306421 CCLLFGF heb7 4,79
364475 SANTTARC 10414 53,86
371.C9 LIvA 9.80 .00
373,56 nLITC 9,90 .00 «72.62
380,40 FT. MYFRS 10,23 .00
382485 RCSMAN 10631 .00
397441 CCLLFGF Ae03 4425
46Ce56 SANTIACGC fe81 57.53
467415 LIvA 6,00 .00
477,42 FTe MYFRS 4,75 4,27 -9he27
476,50 RCSMAN 5,34 .00
488429 CCLLFGF 2,48 3,46
58Ce42 CCLLFGF 10,26 83,45 -119,93
616,77 JCHAMNFSRURE 7.87 29.09
674,48 CCLILFGF 5,79 46,84 -143,58
711489 JCHANNFSRURG Qe60 27.63
77130 CCLLEGF 5472 49,81 -167,23
786,10 WINKFIFLDE 9.0 9.07
880,15 WINKFIFLD 9,97 R&4,76 -19n,R9
931477 CRRCRAL 1N,22 41,64
976422 WINKFIFLP 4414 34,23 -2144,54
976472 STe JOHNS 8436 +00
100C.70 SANTYIAGC 7460 15,61
1028.C7 CRRCRAL 667 19.77
107Ce42 STe JCHNS 10417 35.6R -238,20
1075457 RCSMAN PN-YA .CO
1078.€3 FTe MYFRS be56 .00
1084425 GLITC Q.47 .00
1086452 LIMA 10611 .00
109223 SANTTACGC 10.00 «CO
1166475 STe JOHNS 4416 64452 -261485
1168440 RCSMAN 10.28 «00
117C,82 FT, MYFRS 9,56 .00
1176437 GLITP 6479 .00
1183.66 LIMA 3.98 .00
135C.49 CCLLFGF R,51 162,84 ~-300,16
1407456 JCHANNFSRUFRE 1014 48,59
142,29 WINKFTELD Q,33 11,57 -332,81
1444433 CCLLFGF 10434 S.71
1504424 JCHAMNESRLRC 5.73 49,56
1522.42 WINKFIFLD 10,01 12,45 -356447
1538,49 CCLLFGF 9.62 6,06
1568440 CRRCRAL Reb7 20.29
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290

TABLE H1. - VHF TELEMETRY COVERAGE
PROFILES - Concluded

EAST LONGITUCF4ASC. NCCF (TIMF=0) = 23,00 DEG
TINE STATICN MTNUTES MINLTES SINCE
MINe IN SICGHT LAST CONTACT
Ge49 WINKFIFLD G083
24469 CCLLFCGF 1037 Seb6
103432 WINKFIFLD 9,55 67456
116.15 CCLLFGF 9,30 6428
148,24 CRRCPAL 0,43 19.79
158,68 STe JCHNS R,75 41,C2
213416 CCLLFCGF 6,80 5.72
241.59 CRRCRAL ReG0 21.63
291,36 ST JCHNS 10,12 40,87
306,431 CCLLFGE 4,70 4,83
364477 SANTIAGC 10,04 53,76
371419 LIVA A, 61 .00
373,65 GQLITN 9,73 .00
38C.69 FT, VYFRS 10,14 .00
382.92 RCSMAN 10426 00
397.58 CCLLFGF ReG2 4439
46C,7¢ SANTTACC 7426 57427
466485 LIVA hetb .00
477.C0 FT, MYFRS 558 3,50
476,16 RCSMAN A 01 .00
480643 CCLLFGF Re58 3.26
58C«48 CCLLFCGF 10,23 R83,48
62C4CR JCHAMNFSBLRC Te46 29.36
674,46 CCLLFGF 9,R6 46,52
711.85 JCHAMNNFSRURC 5.78 27.53
771412 CCLLFGF 604 49,49
786,16 WINKFIFLD 9413 9.01
88C,15 WINKFIFLP 10,06 84,86
g31.79 CRRCPAL 10414 41,58
976404 WINKFTIELCD 4,69 34,11
976483 ST. JCHNS 8,09 .00
1001,C1 SANTTACC 7470 16,09
102787 CRRCRal Te12 19466
1070441 STe JCENS 10,23 35,42
1076431 RCSMAN 4479 .00
1078,33 FT. MYFRS 5492 .00
1084,41 GLITC §,22 .16
1087404 LIMA 9,98 .00
1092423 SANTIACGC 1010 .00
1166052 ST- JOFNS t’l78 6".19
1168440 RCSMAN 10,33 .CO
117C.79 FT, MYFRS 10,08 N els!
1176.12 GLITC 7435 .00
1183,15 LIMA 506 .00
135C+.54 CCLLFCF 2,35 162432
1407463 JCHANNFERURC 10,03 48,764
1425444 WINKFIFLED 9,18 11,79
1444436 CCLLFGF | 10,33 5.73
1503495 JCHANNFSRURC 6e37 49,26
152240 WINKFIFLR 10,N9 12.09
1538,51 CCLLFGF 9,69 6,01
1568466 CRRCFAL Rel7 204,46

LAST ASCeNODE
Fel OMG.sDEG.

23.00

-eb5

24431

47496

-T1.62

=95,27

-118,93
-142,58
~165,23
-189489

-213,54

-237,20

=260,R5

-30R,16

-331,81

-355447




B e

TABLE H2. - S-BAND TELEMETRY COVERAGE PROFILES

S=BANC

STATICN
STATICN
STATICN
STATICN
STATICN

W N

CREBIT ALT=
CRBIT INCL=

NCCAL LCNGITURE STEP SI7¢=
CRBIT PERICD=
EARTF RACILS= 33,3 PERCFNT CVER ACTUAL

TFLEMETRY COVFRAGE PRAFILFS

Al ASKA

CARMARVCN

RCSMAN
SANTIAGC

TANANARIVF

50040 KMo
97,387 CECa

MINIMUM TINF=z 3,00 MIN

WESTWARD SKTIFT CF ASCe NCDPE=

STATICN NAX.

(V00 SR VIR S

EAST LCNGITUCFASC, NCCF

TINE,
MINe

24,51
118,51
211466
238465
27C.21
288436
302457
366406
384,35
393,85
485462
52C463
576,86
616,47
906061
935,93
981456
997,59

1026.81
1073.78
122C.80
1255,50
1316,22
1346472
1443487
1537.54

STATIC

ALBASKA
ALAgkp
ALASKA
CARNARVC
SANTTIACGC
RCSMAN
ALAS¥A
SANTTAGC
RCSMAN
ALASKA
ALAs¥A
TANAMART
ALASKA
ALASKA
SANTTAGC

19,73
19,73
16,73
19.73
19.73

N

N

VE

CARNARVCN

RCSMAN
SANTYTAGC

CARNARVCN

RCSMAN
TANANAP]
ALASKA
TANAMARY
ALASKA
ALASKA
ALAgvA

VE

VE

NCRTH LAT,

MIWUTFS
IM SIGHT

9,24
fheRG
4481
10,32
0,66
10,22
5497
7.51
o9
R,58
10,23
10,35
a, 88
6,13
heR9
7.57
4010
10,17
9457
10435
Qb4
f,31
7,48
10,32
9,72
7,48

(TIMFz

DEG

65,00
=24,50
35.20
-33,10
-18.50

100 "EC,
G4.62 VINUTES

ARC PRANGF VISIRLF(REG)

23465 DFGL/CRBIT

EAST LONGs  MIN ELEV,
NEG DEG
212,50 5,00
113,40 5,00
277.10 5,00
?89.30 5,00
47,30 5.0Q

(RFFRACTTON CORRFCTION)

MAXe DTST KM,
2331,1
2331,1
2331 ,1
2331,
2331,1
0) = .00 DEG
MINUTFS SINCE ! AGT AGC.NODE
LAST CONTACT  FolONGLoDEG,
.00
Rbobb =23,65
86,27 -47,31
22.17
21,24
8.19 -70,96
44,40
57.13
10.77 944,62
3,11
83,48 -118,27
24449
48,88 =141,93
86,73 -165,58
224,00 ~212489
22,44
38,47 =236,54
11,32
22.06
34,41 ~26020
136,67 ~283,85
25 .66 =307.,50
52,00
26,02 ~-331,16
83.83 =354 ,R1
84,35 =378,47
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TABLE H2. - S-BAND TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNGITULF ASC, NCCE

TINEs
MIN,

24,53
118454
211476
238,74
27C.24
288445
303.14
335,48
365450
384,C8
393499
485499
52Ce67
575.85
676430
906457
936413
982450
967460

1025473
1073.7%
1171.C2
122Ce51
1255496
13164,C2
134G,7¢
1443489
1537467

EAST LCNGITUDF.ASC, NCCF (TIME=O) =

TIVE,
MINe

24455
118458
211,85
238485
27Ce29
288455
303,30
334499
365475
383,86
364,13
486407
520473
57583
676,15
907,38
936,37
967463

102G.66
1073.80
117Ce57
1221,04
125€6,02
1315.85
1345.77
1443,50
1538,00

STATICN

ALASKA
ALASYA
ALASKA
CAPNARVCN
SANTTAGC
RCSMAN
ALASKA
CAPNARVCN
SANTTACGC
RCSMAN
ALASKA
ALASKA
TANANARIVE
ALASKA
ALASKA
SAMTTAGC
CARNARVCN
RCEMAN
SANTTACGC
CARNARVCN
RCSMAN
RCEMAN
TANAMARPIVE
ALASKA
TANAMARIVE
ALASKA
ALASKA
ALASY A

STATICN

ALASYA
ALASKA
ALASKA
CARNARVCN
SANTTACGC
RCSNMAN
ALASKA
CARNARVCN
SANTTACC
RCSMAN
ALASKA
ALASKA
TANANARIVE
ALASKA
ALASKA
SANTIAGC
CARNARVCN
SANTTAGC
CARNARVCN
RCSMAN
RCSMAN
TANANARIVE
ALASKA
TANANARIVE
ALASKA
ALASVA
ALASKA

(TIME=0) = 1.00 DEG
MINCTFS  MINUTFS SINCE
IN SIGHT LAST (OMTACT

G 42 ’

7,00 84,60

4485 86421

10,26 22,14

G, R2 21.24

10,14 Be38

Sefl6 4455

3,98 26,48

7.R9 26444

6,91 10,30

Re48 2.99

10,19 83,52
10,37 244,49

G,94 48,80

feb2 86451

€440 224,25

7.08 22.7¢6

3,14 39.29

10424 11.96

9475 21.89

10437 34,31

3,24 86,86

Q.20 464,65

Ry14 25.84

7462 51,92

10430 25,80
9479 83,85
7460 . 84430

2,00 DEG

MINUTES
I[N S1CGHT

Q9,49
7.12
4,89
10‘]9
9.66
10,C4
576
5400
9023
T.37
8,38
10,15
1n.17
10,01
6,69
S R4
6,51
10,30
9,90
10427
4427
AeaG3
7.96
Re31
10,27
Q,R5
7,71

MINUTFS SINCE

LAST CONTACT

B4 e54
86,16
22.11
21.26
8459
4,71
25.93
25,76
9,88
2.91
83.55
24451
48,74
86,31
224,56
23,16
54,75
21,73
344,24
86440
46,20
26,05
5187
25,61
83,87
B4 ,25

t AsT ASC.NODE
FeLOMNGas +PEG.

1,00
=22 465
-46431

69496

'93'62
-117.,27
«140,93
=)64458
-?11.,89
-235.54
259,20
-282485
=306450
-330,16

‘353031
-377.47

LAST ASCeNODE
Fol.OMGo +DEGe

2.00
-21465
-45,31

-bBe96

32462
-116427
-139,93
-163,58
-210.89
=234 454

-258420
=-281485

~305.50
-329,16

-352,81
«376,.,47



TABLE H2. - S-BAND TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNGITUCF+ASCa NCCF

TIVE,
MINe

24457
118461
211,94
238497
27C435
288,66
303,46
334462
365462
383,66
364,28
486415
520480
575482
676,C0
G07.83
636466
99767

1029460
1073.82
. 117C.24
1221.18
1256,C8
1315,.70
1346479
1443452
1538403

EAST LCNGITUDF4ASCe NCCF

TIVE,
MINe

24459
118464
212,03
239.10
27C,41
288,78
303,63
334,31
365450
383,48
394,43
486423
520.88
575.82
675,86
908435
§37.01
997,72

1026,56
1073.85
1169497
1221434
1256414
1315,57
1349.82
1443,.54
1538,05

STATICN

ALASKA
ALASKA
ALASKA
CARNARVCN
SANTTAGC
RCSMAN
ALASKA
CARNARVCN
SANTTAGC
RCSMAN
ALASKA
ALASKA
TANANAPIVE
ALASKA
ALASKA
SANTIAGC
CARNARVCN
SANTTAGC
CARNARVCN
RCSMAN
RCSMAN
TANAMARIVE
ALASKA
TANANARIVE
ALASKA
ALASKA
ALASKA

STATICN

ALASKA
ALASKA
ALASKA
CARNARVCN
SANTTAGC
RCSMAN
ALASKA
CARNARVCN
SANTTAGC
RCSEMAN
ALASKA
ALASKA
TANANAPIVE
AL ASKA
ALASKA
SANTTAGC
CARNARVCN
SANTTAGC
CARNARVCN
RCSMAN
RCSMAN
TANANAPIVE
ALASKA
TANANAPIVE
ALASKA
ALASKA
ALASKA

MIKLITES

IN SICHT LAST CONTACT
9¢57
7.23 84,48
4494 86,10
10,09 22.09
Ga.48 21,29
9,93 8,83
5,66 4,88
Sa79 25449
7,53 25.20
7,78 9,51
R,28 2.85
10,11 83.59
10,34 264,54
10,C6 48,69
6494 86,11
5.19 224,89
5485 23,64
10,34 55,16
10,03 21.59
10,36 34,18
404 86406
Re62 45,88
7,77 26.28
R,65 51,85
10,24 25444
9,51 83.90
7,82 84,20
(TIMEZ0) = 4400 DEG
MINUTES MINUTFS SINCE
IN SICHT LAST CONTACT
Q.64
7.35 B4 .42
4,99 86,404
G.G7 22,08
Ge27 21,35
e, A0 9,09
5,57 5.05
behb 25.12
Re81 24,13
R. 14 9,18
f,17 2,81
1N.C7 83,63
10,29 24,59
10,11 48,65
T.17 85,93
bebl 225,32
5eC4 26,25
10,27 55,67
10,14 21,47
10,32 34,15
5072 85.80
Re?6 45,65
7457 26.54
8,95 51,85
10,20 25430
9,96 83,93
7.53 84,15

(TIME=O) =

3,00 DEG

MINGTES SINCE

LAST ASC.NODE
FelLONGe +CEG,

3,00
-20,65
-44,3]

-67,96

=91,62
-115,27
-138,93
-162,58
-209,89
-233,5¢

-257.20
=280,85

«304,50
-328,16

=351,.81
=375.47

LAST ASC.NODE

F ol OMNGesPEG,

4,00
19,65
-43,31

-66,496

«9N62
=114,27
-137,93
-161,58
=208.89
«232,54

-256420
«279.85

-303,50
=327.16

-350,81
374,47
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. TABLE H2. - S-BAND TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNGITUCF ASCe NCCF

TIVE,
MIN.

24460
118467
212,11
236425
27C 449
288,91
303,79
334,06
365439
383,33
394,58
486432
520458
579482
617,97
67573
908465
937447
597,78

1029451
1073.88
1166475
1221,53
1256421
1315445
1349.84
1443456
15384.08

STATICN

ALacka
ALASKA
ALASKA
CARNARVCN
SANTTAGC
RCSMAN
ALASKA
CARNARVCN
SANTTACGC
RCSMAN
ALASKA
ALASKA
TANANAPIVE
ALASKA
TANANARIVE
ALASKA
SANTIAGC
CARNARVCN
SANTTAGC
CARNARVCN
RCSMAN
RCSMAN
TANAMARIVE
ALASKA
TANANAPIVF
ALASKA
ALASKA
ALASKA

EAST LCNCITUDF ASC,

TINE,
MINe

24662
118470
212,19
23G.41
27Ce58
28G.Cé

303.95.

333,85
365429
383,19
394,73
486e41
5214CS
576483
617,41
675461
997485
102648
1073452
1054463
1166455
1221674
1256428
1315,35
1346,77
1443468
1538411

STATICN

ALASKA
aLASKA
ALASY A
CARNARVCN
SANTTAGC
RCSMAN
ALASKA
CARNARVCN
SANTTAGC
RCSMAN
ALASKA
ALASKA
TANANARIVE
ALASKA
TANAMARIVE
ALASKA
SANTIACGC
CARNARVCN
RCSMAN
SANTTAGC
RCSMAN
TANAMAPIVE
ALAGKA
TANAMAR IVE
ALASKA
ALASKA
ALASKA

w1
In

NCEF

M1
In

(TTMF=20) = 5,00 DEG
NUTES MINUTFS SINCE
SIGHT I.LAST CCONTACT
971
Te46 84,436
5405 85,97
G483 22.09
S.04 21,42
9,65 9,38
5,47 5.23
7.02 24480
9,C6 24,31
R 46 8,88
R, 06 2,79
10,M2 g83.68
10,22 24,65
10,16 48,62
3,49 27,99
Te40 54,26
3641 225486
4,402 25,07
10437 56429
10,23 21.36
10.78 34,13
6428 85,59
7,85 45,49
7436 26.83
9422 51.88
10,16 25,17
10,01 B3.96
R,04 84,11
(TIME=0) = 6,00 DEG
NUTFS MINUTFS STMCE
SICHY LAST CONTACT
9,77
7458 84,31
5,12 85,61
Q.66 22.10
.78 21.51
9,48 9,70
5439 5,61
7.51 24,51
9.28 23,94
Re75 8.62
7,95 2.79
0467 83,73
10,12 24472
10420 48,61
4468 27.38
Te61 53,52
10426 3464
10430 21.27
10,21 34,14
2,47 10,81
feT8 71615
7429 45,40
7.13 27.16
9445 51.54
10,11 25,07
10,06 24,C0
A, 15 84,06

LAST ASCeNCDE
FoelLONGe s DEG,

5,00
~1R,65
-47,31

-65,96

-89,62
-113,27
-136,93

'160058
~207.89

-231,.54

~255420
-27R485

-302.50
=32h,16

-349,81
373,47

ILAST ASC.NODE
FoLOMG,. 4DEG.

£a00
=17.65
-41,31

64,96

-8R,62
-112.27
=135,93

-150,58
=230.54

-254420
=277.85
-301,50
-325,16

=34R,81
372,47




TABLE H2. - S-BAND TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNGITUCFJASCe ANCCF

TINME,
MINe

24064
118,73
212426
236458
27C.68
285022
304,10
332,66
365,420
383,08
394,88
486050
521.21
575483
616,59
675449
99754

102%446
1073.56
1094.41
1166.39
1221.68
1256436
1315426
1346,90
1444.C0
1538,.,13

STATICN

ALASKA
ALASKA
ALASKA
CARNARVCN
SANTTAGC
RCSMAN
ALASKA
CARNARVCN
SANTTAGC
RCSMAN
ALASKA
ALASKA
TANANAPIVE
ALASKA
TANANARIVE
ALASK A
SANTTAGC
CARNARVCN
RCSMAN
SANTTAGC
RCSMAN
TANANAPIVE
ALASKA
TANANARIVE
ALASKA

AL ASKA
ALASKA

EAST LCNGITLCFJASC.

TINE,
MINe

2466
118476
212,33
235477
27C.80
289439
304426
333.51
365.12
382468
395,03
486459
521435
576.85
616,65
675439
998.03

1025.45
1074402
1094,C2
1165424
1222427
1256444
1315,19
1345,52
1444,C2
1538,16

STATICN

AL agKA

AL ASKA

AL 8SKA
CARNARVCN
SANTTIAGC
RCSMAN
ALASKA
CARNARVCN
SAMTTAGC
RCSMAN
ALASKA
ALASKA
TANANARIVE
ALASKA
TANANARIVE
ALASKA
SANTIAGC
CARNARVCN
RCSMAN
SANTTAGC
RCSMAN
TANANARIVE
ALASKA
TANANARIVE
ALASKA
ALASKA
ALASKA

(TIME=N) = 7.00 DEG

MINUTFS

MINUTES SINCE

IN SIGHT LAST CONTACT
S.84
7469 BG4 426
Sel9 85,84
Get7 22413
R,48 21.63
9,29 10,06
5430 5460
7.94 24,26
Se4R 23,60
9,00 R,40
7.84 2,80
9491 g3.78
10,00 24,80
10,74 48,62
5,57 26,91
7.1 52494
10,33 314,64
10,34 21,19
i0,13 34,16
44,55 10,32
7,22 70,43
heR5 45437
689 27.52
9,65 52,01
10,06 264,98
10,11 84404
2,76 R4 4,02

NCCF (TIMF=0) = 8.00 DEG

MTRUTES MINUTFS SINCE

IM SIGHT 1LAST CONTACT
9,89
7.80 84,21
5,27 85,77
Q425 22.17
f,15 21,77
9,08 10,45
5,22 5.79
R,21 24,03
Se65 23,30
Q9,213 8,20
7.73 2,83
Q,85 83,83
9,86 24,90
10,27 48,64
6,29 26,54
7.9 52444
10.29 314,65
10,37 21,13
10,02 34,20
Se37 9,98
7.61 69485
£e22 45441
bohh 27.95
9,83 52,11
10,00 264,90
10,15 84,09
R,26 83,99

LAST ASCeNODE
Fel.ONG4 sPEG,

7.00
-164,65
~40,431

-63.96

-R7 462
-111,27
=134,93

-158,58
=229,54

253,20
=276485
~300,50
=324,16

347481
~371,447

LLAST ASCeNODE
F.LO'\|G. .DEGO

Re00
=15,65
-39,31

=62496

=-86,62
-110,27
-133,03

=157.58
-22R,54

-?252420
-275.85
«299,50
-323,1%

346,481
=370,47
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TABLE H2. - S-BAND TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNGITUCF 4 ASCa NCOCF (TIME=0) = 9.00 DEG
TINE, STATICN MINUTFS MINLUTFS SINCE LAST ASCWNODE
MIN. IN SICHT  LAST CONTACT FolLONGasDEG,
24468 ALASKA 9,95 9,00
118479 ALASKA 7.91 R4,16 alb b5
212,40 ALASKA 5625 85,70 ~38,31
239468 CARNARVCN 9,01 22.23
27C«53 SANTIACGC 7,77 21,54
285458 RCSMAN B.R4 10,87 -61,496
304441 ALASKA 5,15 6,00
333,38 CARNARVCN R.h5 23.82
365.05 SANTTACC 9.81 23.C3
382489 RCSMAN Q44 8,03 “B85462
395,19 ALASKA 7,62 2,86
486469 ALASKA Q.79 83.88 -109,.27
521450 TANAMAPIVE G.69 25.02
576,86 ALASKA 10,30 48,67 -132,93
616,38 TANAMARIVE 6,50 26,22
675429 ALASKA Rel7 52.01 -156458
GGRe13 SANTTAGC 10,23 314,68 «?227.54
1029444 CARNARYCN 10,37 21,08
1074408 RCSMAN 5490 34,26 -251,20
1093,70 SANTTACGC 6,05 9,73
1166612 RCSMAN 7.67 6936 =276,485
1222462 TANANARIVE Set7 454,53
1256453 ALASKA 6436 28,44 «29R,50
131513 TANAMNARPIVE 9.98 52,23
1345,95 ALASKA 9,94 24,84 -322,16
1444604 ALASKA 10419 B4.14 =34K,R1
1538418 ALASKA Re47 83,95 =369,47
EAST LCNGITUDF.ASCe NCCF (TIME=0) = 10400 DEG
TIME, STATICN NTNGTFS MINUTFS SINCE LAST ASC.NODE
MINe IM SICHT LAST CONTACT FoLONGe+DEG,
24470 ALASKA 10e00 10,00
118,82 ALASKA ReN2 84,11 «13,65
212,47 ALASKA 5,43 85,63 -37,31
24C421 CARNARVCN ReT4 22.30 .
271.06  SANTTAGC 7.35 22,14
286.78 RCSNMAN 2,58 11,34 -60,96
304,56 ALASKA 5,08 6,21
333,27 CARNARYCN ReG4 23,62
364459 SANTTACGC 9.94 22.78
382482 RCSMAN 962 7.88 -B4o62
395,35 ALASKA 7.51 2.51
486680 ALASKA G473 83,54 "]0”.27
521467 TANANAPIVE 9.50 25415
57G.88 ALASKA 10,32 48,71 -131,93
616415 TANANARIVE T.43 25,94
£75420 ALASKA Re34 51462 -155.58
568425 SANTTACC 1Ne15 314,72 -226e54
1025 +44 CARPNARVCN 10435 21.04
1074414 RCSMAN 9.76 34,34 -250.20
1093,44 SANTIACGC heb3 9,54
116500 RCSMAN Ra29 68494 =273.85
1223405 TANAMARIVE 4454 45,76
1256463 ALASKA 64C7 29.03 -297450
1315.08 TANANAPIVE 10.10 52.38
1346,98 ALASKA 9,87 24,80 -321,16
1444406 ALASKA 10422 84420 «344,481
1538,20 ALASKA R57 83,92 «368e47

296




-

TABLE H2. - S-BAND TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNGITUCFWASCe NCCF (TTMFz0) = 11.00 DEG

TINE,. STATICN MINUTES MINUTES SINCE LAST ASCeNODE
MINe IN SICHT LAST C(CNTACT FoLONG.sNEG,
24.72 ALASKA 10405 11,00

1184R4 ALASKA 2,13 84,07 12,65

212,53 ALASKA 5452 85,56 -36,31

24C445 CARNARVCN Re43 22440

271427 SANTTAGC 6487 22.39

286499 RCSMAN 8,29 11.86 ~59,96

304,71 ALASKA 5.02 6e42

333,18 CARNARVCN 2,20 23,45

364453 SANTTACGC 10,06 22,56

382,76 RCSMAN 9,78 7.76 -83,62

395,51 ALASKA 7.39 2.57

486490 ALASKA Qe66 84400 -107.27

52185 TANANARIVE 9.28 25429

57651 ALASKA 1Ne34 4R, 78 -130,93

615,55 TANAMARIVE 7.R8 25,71

67511 ALASKA R,50 51,28 -154,58

96838 SANTTAGC 10405 314,77 -225,54

1025+46 CARNARVCN 10,32 21.02

1074422 RCSMAN 9,60 34,45 =249,20
193,21 SANTTACGC 7,13 9440

1127436 CAPNARVCN 3,15 27.02

1168450 RCSMAN R.58 38,39 -272,.85
1223466 TANAMARIVE 3,77 46418

1256,74 ALASKA 5.76 29,81 =296,50
1315404 TANAMAPIVE 10,20 52454

135C,01 ALASKA 9.80 24,77 -320,16
1446407 ALASKA 10,26 84,26 ~343,81
1538,23 ALASKA R, 67 83,90 ~367,47
EAST LONGITUDCF.ASC. NCCF (TIME=0) = 12,00 DEG

TIME, STATICN MINUTFS  MINUTES SINCE LAST ASCeNODE
MIN. IN SICGHT LAST CONTACT F.LONGe+DEG,
24474 ALASKA 10410 12,00
118487 ALASKA 8,24 84,03 =11.65
212,59 ALASKA 5,62 85,48 =-35,31
24Ce72 CARNARVCN 8,08 22.51
271,48 SANTIAGC 6432 22.68
290423 RCSMAN 7.98 12,43 -58,96
304486 ALASKA 4,96 64,65
333,10 CARNARVCN 9443 23.29
364489 SANTIAGC 10,16 22.35
382471 RCSMAN 9,62 T.67 ~82,62
395,67 ALASKA 7,28 3,04
487401 ALASKA 9.59 84,06 -106427
522406 TANANARIVE 9.02 25,46
576494 ALASKA 10435 48,86 ~129,93
615,79 TANANARIVE R.?8 25,50
675.03 ALASKA 8465 5096 -153,58
998452 SANTTAGC 9.94 314484 «224454

1025.48 CARNARVCN 10.26 21402

1074430 RCSMAN 9,41 34,57 =24R,20

1093,02 SANTTAGC 7,57 9.31

1126479 CARNARVCN 4,435 26420

1168482 RCSMAN ReR4 37.67 ~271.85

1256485 ALASKA 5.42 79,20 =295450

1315.,C1 TANAMARIVE 10,28 52,74

1350,C4 ALASKA 9,72 24,76 ~319,16

14444C9 ALASKA 10,28 84,33 ~342,81

1538425 ALASKA 8,76 83.87 «366,447
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TABLE H2. - S-BAND TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNGITUDFJASC. NCCE (TIME=N) = 13,00 DEG

TINE, STATICN MINUTES MINUTFS SINCE LAST ASCeNODE
MINa IN QICGHT LAST CONTACT FoLONGeosDEG,
24476 ALASKA 10,14 13,00

llelﬂq ALASKA Ro3" 83.99 '10065

212,65 ALASKA 572 . 85,41 -34,31

241,01 CARNARVCN 7,70 22,65

271a73 SANTIAGC 5e67 23,03

29Ce48 RCSMAN 7463 13,07 =57.96

305,00 ALASKA 4,91 , 6,89

333,04 CARNARVCN G563 23,14

364,84 SANTIACGC 10.24 22,17

382467 RCSMAN 10.04 7.59 -81,.62

365,83 ALASKA 7.16 3,12

487412 ALASKA 9452 84.13 -105427

522428 TANANARIVE Re73 25,64

576457 ALASKA 10,36 48,96 -128,93

615,65 TANANARIVE A, 63 25.31

674465 ALASKA Re79 504,68 «-152,58

668467 SANTIAGC 9,81 314,93 223,54

1026451 CARNARVCN 10,17 21,03

1074440 RCSMAN 9,20 34,72 -247,20
1062486 SANTTAGC Te56 9.26

1126437 CARNARVCN 5425 25456

1168474 RCSMAN 9,08 37,12 -270,85
1256,99 ALASKA 5,05 79,17 -294,50
1314499 TANANARIVE 10433 52496

135C,CR A[ASKA G623 24,76 -31R,16
1444411 AL ASKA 10,31 84,40 =341,481
1538,27 ALAS¥A R,86 a3,85 365,47
EAST LCNGITUCFWASC, NCCF (TIME=0) = 14,00 DEG

TIME .+ STATICN MINUTFS MINUTES SINCE LAST ASC.NODE
MIN IN SICHT 1LAST CONTACT FolLONGesDEG.
26,77 ALASKA 1018 14,00

118,52 ALASKA Re45 83,96 «9,65

212,70 ALASKA Bef2 85,34 -33,31

241433 CARNARVCN Te26 22.81

272.C5 SANTTACGC 4490 23.47

26C,76 RCSMAN 7,24 13,81 =56496

305,14 ALASKA 4,86 7,14

333,00 CARNARVCN 580 23.00

364481 SANTTAGC 10430 22,01

382465 RCSMAN 10,14 7.54 80,62

395,99 ALASKA 7,05 3.21

48723 ALASKA Ge44 844,19 -104,27

522452 TANANAPIVE Reé1 25,84

580,00 ALASKA 10,37 49,08 -127.93

615,53 TANANAPIVE R4 25,16

674488 ALASKA ReG2 50,42 -151.58

998,83 SANTTACGC 9e65 315,03 222654

1025.54 CARNARVCN 10,07 21.06
1074.50 RCSMAN B.96 34,89 =246,20
1092+72 SANTTAGC 8430 9.25
112604 CARNARVCN 5497 25.02
1168467 RCSMAN 9.29 36,66 -269485
1257414 ALASKA 4eh4 79.18 =2913,50
1314.98 TANANARIVE 10436 53.21
135C.11 ALASKA 9,54 24,77 =317,16
1444413  ALASKA 10,33 84,48 =340,81
1538,29 ALASKA R.95 83,83 ~364,47
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TABLE H2. - S-BAND TELEMETRY COVERAGE
PROFILES - Continued
EAST LCNGITUCF.ASC, NCCF (TIME=0) = 15,00 DEG
TIME STATICM MINUTES MINUTES SINCE LAST ASCL.NODE
MINe IN SIGHY LAST (CNTACT Fo.LONG, DEG,.
24479 ALASKA 10.22 15,00
118494 ALASKA Re55 83,93 =Re65
212,75 ALASKA 5492 85,27 -32,31
241,68 CARNARVCN 6676 23.00
272447 SANTTAGC 31,92 24403
291.C6 RCSMAN 680 14468 -55,96
305427 ALASKA 4,83 T 41
332497 CARNARVCN 9,465 22.87
364478 SANTTAGC 10e34 21.86
382.64 RCSMAN 10422 Te52 79,62
396,16 ALASKA 6,93 3,30
487435 ALASKA 9436 844,26 ~103,27
52279 TANANARIVE R4 26,07
58CeC4 ALASKA 10437 49,22 -126,93
615,43 TANANARIVE 9,21 25,02
6T7%e82 ALASKA 9,05 50618 =150.58
966401 SANTIAGC .48 315.14 =221.54
1026.59 CARNARVCN 9,94 21.10
1074¢62 RCSMAN R,70 35,09 «245420
1092.60 SANTTAGC 8,61 9,28
1125476 CARNARVCN 6.58 244,55
116861 RCSMAN 9448 36,27 <26R4R5
125731 ALASKA 4018 79.22 29?450
1314,98 TANANARIVE 10,37 53,49
135C,15 ALASKA 9445 24,79 316,16
1444415 ALASKA 10.34 B4.56 =339,R1
1538431 ALASKA .04 83,82 =363,47

EAST LCNGITUDFJASC. NCCF

TIVE,
MIN

24481
118466
212,80
2642407
291439
305440
332,456
364476
382464
366432
487,47
523,C8
5804C69
615.35
674476
§95,20

1026465
1074475
1092449
1125452
1168456
1257.51
1314499
1350,18
1444,17
1538,33

STATICN

ALASKA
ALASKA
ALASKA
CARNARVCN
RCSMAN
ALASKA
CARNARVCN
SANTTAGC
RCSMAN
ALAsKA
ALASKA
TANANARIVE
ALASKA
TANANARIVE
AL AgKA
SANTIAGC
CARNARVCN
RCSMAN
SANTYACGC
CARNARVCN
RCSMAN
ALASKA
TANANARIVE
ALASKA
ALASKA
ALASKA

MVINUTES
1IN SICGHT

10625
RG65
6,03
te.l9
fe32
4480

10,08

10436

10.28
6qR2
9,28
7.63

10,27
Qelg
9,17
Q,29
9,79
fel0
8489
7.11
9,65
3,65

10,35
G436

10436
9,13

(TIMF=0) = 16400 DEG

MINUTFS SINCE
LAST CONTACT

83,90
85,19
23.24
43,13
7,70
22,76
21,73
7451
3,40
84,33
26,33
49438
24,490
49,97
315.27
21,16
35,31
9434
24,14
35,93
79.30
53,83
24,84
84,65
83,80

LAST ASCeNODE
FelLOMGe +DEG,

16400
=7,65
=-31,31

«54,96

«TR 62
102,27
-125,93

-149,58
-220,54

=244420
267485
=291,5%0
=315,16

~33R,81
-362,47
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TABLE H2. - S-BAND TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNCGITUCFLASC,

TINE,
MINe

24483
118.98
212,85
242451
261,76
305453
332,96
364475
382465
396,48
487,56
523440
58C.13
615429
674,71
772.67
995,41

1025472
1074.89
1092.41
1125421
116R,52
1257,.,76
1315,C1
135C622
1444019
1538,35

EAST LCNGITUCFW4ASCe NCCF

TINE,
MINe

24485
116,C1
212,60
243.C3
292417
305465
332,97
364674
382467
3G€465
48772
523476
58C.18
615424
674,66
772435
965463

1026.80
1075,06
1062434
1125613
1168448
1315.C4
135Ce26
1444421
1538437

STATICN

ALASKA
ALASKA
ALASKA
CARNARVCN
RCSMAN
ALASKA
CARNARVCN
SANTTAGC
RCSMAN
ALLASKA
ALASKA
TANANAPIVE
ALASYA
TANANARIVE
ALASKA
ALASKA
SANTTAGC
CARNARVCN
RCSMAN
SANTTAGC
CARNARVCN
RCEMAN
ApASKA
TANANARIVE
ALASKA
ALASKA
ALAgKA

STATICN

ALASKA
ALASKA
ALASKA
CARNARVCN
RCSMAN
ALASKA
CARNARVCN
SANTTACGC
RCSMAN
ALASKA
SANTTAGC
ALASKA
TANANAPRIVE
ALAGKA
TANANARIVE
ALASKA
ALASKA
SANTTAGC
CARNARVCN
RCSMAN
SANTTACGC
CARNARVCN
RCSMAN
TANANARIVE
ALASKA
ALASKA
ALASKA

NCCF (TIMF=0) = 17,00 DEG

MINUTFS

MINUTFS SINCE

IM SIGHT LAST CONTACT
10028
Re15 83,88
6,13 85.12
5e53 23.53
5a76 43,72
4e17 8,01
10,18 22.65
10,37 21,61
1fe33 7.53
6,70 3,51
9,20 84,40
7.15 26461
1036 49,58
9,h5 24,79
e,?8 49,77
2,41 8868
G,07 223,33
9461 21,24
R,07 35,57
9,14 [N
757 23.77
Q.80 35.63
2,03 79.44
10,32 54,22
9423 24,489
10437 8474
0,22 83,79
(TIME=0) = 18,00 DEG
MTINUTES MINUTFS SINCE
1M SIGHT LAST CONTACY
10.30
8484 83,85
624 85,05
4,73 23.89
Sell 44,42
4,76 8.37
10,26 22,55
10436 21.51
10436 7.56
6459 3,63
4413 58,97
9.11 21.39
heb1 26494
10,35 49,81
9,83 24,71
9,39 49,59
1,96 88430
8,83 223,31
9,40 21,34
7,70 35,85
9,36 9.58
7.98 23.44
9,93 35,37
10,26 136,63
Gel2 24.96
10437 84,84
9430 83,79

LAST ASCeNODE
Fel.OMGeDEG,

17.00
-heb5
=-3n,31

-53,96

"77062
-101,27
-124,93
-148,58
-172.73
-219,54
-243,20
=266485
«290,50
=314.16

-337,81

LAST ASCeNODE
Fel.ONGe 4DEG.

18,00
5465
-29,31

-52496

76,62

-100,27
-123,93

-147,58
~171,23
=218,54

-242420

=26%5485
=289,50
-313,16
-336,81
=360447




TABLE H2.

EAST LONGITUDE,ASC, NCCF

TIME
MINe

2487
119.C3
212454
292,466
305477
364474
382.70
396,82
46181
487484
524417
580,24
615021
674662
772408
995486

102689
1075424
1092429
1124497
1168445
1315‘08
135C.30
1412,33
1446,23
1538439

PROFILES - Continued

STATICN

ALASKA
ALASKA
ALASKA
CARNAQVCN
RCSMAN
ALASKA
CARNARVCN
SANTTAGC
RCSMAN
ALASKA
SANTTAGC
ALASKA
TANANARIVE
ALASKA
TANANARIVE
ALASKA
ALASKA
SANTTIAGC
CARNARVCN
RCSMAN
SANTTAGC
CARNARVCN
RCSMAN
TANANARIVE
ALASKA
TANANARIVE
ALASKA
ALASKA

EAST LCNGITUCFE.ASC,

TINE,
MINe

24489
115,05
212,98
293625
305489
333,C3
364074
382474
396468
461450
48C,46
487497
524465
58Ce29
615419
674,58
771483

100C,12
103C,.C0
1075.,45
1092424
1124083
1168443
1315,13
135C.35
1411,88
1444,26
1538,41

STATICN

ALASKA
ALASKA
ALASKA
RCSMAN
ALASKA
CARNARVCN
SANTIAGC
RCSMAN
ALASKA
SANTTAGC
RCSMAN
ALASKA
TANANARIVE
ALASKA
TANANARIVE
ALASKA
ALASKA
SANTIAGC
CARNARVCN
RCSMAN
SANTTAGC
CARNARVCN
RCSMAN
TANANARIVE
ALASKA
TANANARIVE
ALASKA
ALASKA

(TIME=0) = 19.00 DEG

MINUTES MINUTES SINCE
IN SICGHT LAST CONTACT
10432
Re83 83,83
6,36 84,98
3,70 24,36
4,34 45,30
4,75 8,78
10,32 22.47
10,33 21.43
10,37 T.62
6,48 3,75
4,498 58,52
9,02 21.05
5498 27,31
10,34 50,08
9498 24,64
Q449 49,43
4445 87.97
8,56 223,34
9el7 21,47
729 36.18
9,5% 9,76
Re30 23,14
10405 35,14
10,18 136.58
Re99 25,04
4424 53,04
10,37 27.67
9.38 83.79
NCLCE (TIME=0) = 20,00 DEG
MINUTFS  MINUTFS SINCE
IN SICHT LAST CONTACT
10.34
9.03 83,82
6,47 84,91
3,35% 73.80
4,75 9.29
10,35 22.39
"10,29 21,36
10,37 7.71
fhelb 3,88
5.68 58,15
3,46 13,28
R,93 4,06
5023 2774
10,32 50,42
10,10 24,58
9,58 49,28
4,87 87.67
R,27 223,41
R,90 21,62
hefl 36,455
9,72 9.98
Reb7 22.86
10,14 34,94
10,07 136,56
fe86 25.15
5420 52,67
10,37 27.18
Q.46 83,79

- S-BAND TELEMETRY COVERAGE

LAST ASCeNODE
Fol.ONG. sDEG,

19,00
=4465
-28,31

=51,96

75462

-99,27
'127.93
-146,58
-170,23
217,54
=241,20
~264485
=28Re50
-312,16

-335,81
~359.47

LAST ASCeNODE
F.LONGQQDEGQ

204,00
=365
-27.31
50496

=74462

«qQR,27

«121,93
-145,58
~169.23
«216454

-240,20
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TABLE H2. - S-BAND TELEMETRY COVERAGE
PROFILES - Continued

EAST LONGITUDF,ASC. NCCF (TIME=N) = 21,00 DtG
TINES STATICN MINUTES MINUTES SINCE LAST ASC.NODE
MIN IM SIGHT LAST CONTACT F.LONG.DEG,
24491 ALASKA 10436 21,00
11S407 ALASKA 9.11 83,81 «2 465
213,02 ALASKA 6,58 84,84 -26431
306400 ALASKA 476 86,40 =49,96
333,08 CAPNARVCN 10437 22.32
364,76 SANTIACGC 10,22 21,31
382,79 RCSMAN 10,35 7.81 73,62
397.15 ALASKA 6.25 4,01
461423 SANTTAGC 6427 57.83
475451 RCSMAN 4,52 12,41 . -97,27
488,11 ALASKA 8,84 3,67
525,21 TANANARIVE 4429 28.27
58Ce36 ALASKA 10,30 50.85 «120.93
615,19 TANANARPIVE 10,20 24,54
674,55 ALASKA G,h7 49,15 -144,58
771460 ALASKA 5626 87.39 -16R8423
100Ce39 SANTIAGC 7.94 223,53 -2154,54
103Ce12 CARNARVCN Re59 21.79
107569 RCSMAN 6,27 36,97 ~239,20
1092422 SANTTAGC 9487 10.26
1124470 CARNARVCN R.95 22.61
1168441 RCSMAN 10,22 34,76 ~262 485
1315,20 TANANARIVE 9,93 136,56 -286,50
135C.39 ALASKA BeT2 25426 -310,16
14114,52 TANAMARIVE 5497 52.41
1444,28 ALASKA 10,36 26479 «333,81
1538,43 ALASKa 9.53 83,79 -357,47
EAST LCNCGITLCFWASC, NCECF (TIMF=N) = 22,00 DEG
TIVE STATICN MINUTES MINUTES SINCE LAST ASC.NODE
MIN. IN SIGHT ILAST CONTACT F4LONGs+DEG,
24463 ALASKA 10,36 22,00
1154CS ALASKA 9,20 83,80 =1.65
213,06 ALASKA $s70 84,77 25,31
306,11 ALASKA 4,77 86435 -4R 96
333,14 CAPNARVCN 10,37 22.26
364477 SANTTAGC 10,14 21,27
382,85 RCSMAN 10,31 7.63 =72,62
397.32 ALASKA bhals 4,15
4614C0  SANTTACC 6478 57.54
475.50 RCSMAN 5434 11,71 -96,427
488,24 ALASKA 8,75 3,41
525456 TANANARIVE 3,01 28.98
58C,42 ALASKA 10.27 51.45 -119,93
615420 TANANARIVE 10428 24.51
674452 ALASKA 9475 49,04 -143,58
77140 ALASKA 551 87.13 -167.23
100C+68 SANTIAGC 758 223.68 =214,54
103C426 CARNARVCN Rel24 22,00
1075,97 RCSMAN 5e.h4 37,46 -23R8,20
109220 SANTIAGC 10400 10.59
112459 CARNARVCN 9421 22.39
1168440 RCSMAN 10,28 34,61 ~261,R5
1315,27 TANANARIVE 9,77 136,58 -285,50
135C,44 ALASKA Re58 25.40 -300,16
1411,23 TANANAPIVE 6e61 52,21
1444,30 ALASKA 10,35 26,46 -332,81
1538,45 ALASKA 9,61 83,80 -356,47
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TABLE H2.

EAST LCNGITUDFASC, ACCF

TIME
MIN.

24455
116,11
213,10
306421
333,21
364,480
382,62
35748
46C,R0
475,16
488,38
58Ce4q
€15,22
674,49
771,21

1001C0
103Ce43
1076431
1062.20

1124449

1168440
1315436
135C.49
141C.58
1444432
1538,.,47

PROFILES - Concluded

STATICN

ALASKA
ALASKA
ALASKA
ALASKA
CARPNARVCN
SANTTAGC
RCSMAN
ALASKA
SANTTACGC
RCSMAN
ALASKA
ALASKA
TANAMARIVE
ALASKA
ALASKA
SANTTAGC
CARNARVCN
RCSMAN
SANTIACGC
CARNARVCN
RCEMAN
TANAMAPIVE
ALASKA
TANANAPIVE
ALASKA
ALASKA

MINUTES
IN SIGHT

10437
G479
6eR1
4e79

10435

10,04

10,26
6403
Telh
6,01
B8.55

10475

10,33
9,83
5,93
7018
725
".gg

10011
q.l.a

1n,33
9,58
8,42
T.16

10,313
9,68

(TIME=N) = 23,00 DEG

MINUTES SINCE
LAST CONTACT

83,79
84,71
86430
22,20
21,24
8_08
4,30
57.29
11,12
3,21
83,46
24,49
48,94
86,88
223,86
22.25
38,03
11,00
22.18
34,48
136,63
25.55
52.07
26.18
83,82

- 5S-BAND TELEMETRY COVERAGE

LAST ASC.NODE
Fol.ONGe 4DEG,

23,00
- 65
=24431
~47,96

-71,62

=95,27
=118,93

-142,58
-166,23
«?213.54

«237.,20
-260,485
=284,50
~30R,16

-331,81
-355,47

303



PRECEDING PACE BLANK NOT FILMED.

APPENDIX I
EFFECT OF COMPUTATIONAL ERRORS
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PRECEDING PAGE BLANK NOT FILMED.

| APPENDIX [
‘ EFFECT OF COMPUTATIONAL ERRORS

To test the accuracy of the numerical solution of the differential equation,
the solution as obtained by a numerical technique was compared to an
analytical solution.

The analytical solution was obtained by assuming a torque-free unsymmetric
body. For this case, the differential equations become

8 =d sin 6 sin ¥ cos vY(1/A - 1/B)

2
d (sinz‘i'/A + cos Y/ B)

A>3
n

¥

d cos 6 (1/C - sinz\Y/A - cosZY/B)

The analytic solution for small 6 and a body which does not approximate a
sphere-like body is given in reference 6 as:

€ € 2 2
= -— = - +
2] Ba 5 tan Ga( 1+r)[cos a+ g sec 0 a(l + r)(cos 2a -cos ea)] cen

¥ =‘i’a+pt+epsina[1+%(1+r) cos a

. 6+2c0526a
x (tan® 8+ —m————3)] + ...
& 1+cos Oa

s, +d 21 -
6 =0, [1+eT(1-p] ¢t

-%(1+r) seceasina(1+ep cos @) +...

where
o = Z(Ht +‘¥a)a
d €2 2
U S + = (1+ 1-r-1/4t 6 (1+r)]}+.
" CESU? cos 6_ {1 ; (1+r){1-r-1/4tan "0 13
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[ . A+B
1 :! 2
__.A-B
A+ E
2C
+1 =
L+r =5="3"8,

Here, ea, Ya; ¢a determine the initial conditions.

1f we assume the initial conditions

6 (0) = 5°
y(0) = ¢(0) =0
4 = 31.41593 slug ft2/second
A =40 slug 1t
B = 40.4 slug ft2
C =60 slugs,

then the results plotted in Figure I1 are obtained.

Here, error in ¢ = analytic solution - numerical solution. Only errors in ¢
are shown, but the error in Y was similar to that of ¢. Errors in 8 were
negligible.

The method used to obtain the numerical solution was a Runge-Kutta method.
Two different word lengths were utilized. The first had a mantissa of 36
bits (CDC 3600), while the second had a mantissa of 48 bits (CDC 6500).

The error is less than one second of arc after one orbital period if a 48 bit
mantissa is utilized.

Two different step sizes were chosen in performing the computations with
the 36-bit mantissa. For this case, the longer step size yields slightly
better results.

The general conclusion which may be drawn from this graph is that if the
differential equations are to be solved numerically, a 36-bit mantissa can
only be used if the time interval is restricted to about one-third of an
orbital period. However, a 48-bit mantissa yields negligible errors over an
orbital period.
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APPENDIX J
LEAST-SQUARES ATTITUDE DETERMINA TION PROGRAM
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000003

000003

000003

000005
000023
000023
000024
000025
000027
00003
000032
000034
000035
000037
000040
000042
000043
000045
000047
00005)
000057
000054
000055

000057
000060
000041
000062

00006h4
000065
000064

000067
000106
000137
000146
000144
000144
000144
000147
000151

000153
000233

PRECEDING PAGE BLANK NOT FILMED.

PROGARAM HNYL (INPUT.OUTPUTTAPE) TAPEESTNPIIT, TAPFG=0OUTPUT, TAPET)

DIMENSION D(1174)9PF (15 ) 4PGI1S916) 9B (15)9AV(16)4BIM(3) JEMA[II),

1PFS(3¢3)sPEH(343)9PET(343) yBRM(3)9PRa(3) 4PRH(3) s PRT(3)4CF (393),

PPCEL(343) sPCE2(393) 4PCE3(343) o PFX(64A)+PMA(393) 91CMATI(393)sCMAT2 (]

32,31 9BIL(593) 9 SHAT (3)40UT(12) g TP(6) yRETGAM(2,45)

ENUIVALENCE (D(1)eDT) 4 (D(2)9TIME)y (RRM(]1) oREX) o (RRM(?)9BRY) gy tRRM(3
1) 4BBZ) 2 (SHL4SHAT (1)) 4 (SHP s SHAT (2)) 9 (SHI3ySHAT(3)) o (TP (1) 9 OMX) 4 (TP (2

2) sOMY) g (TP (3) gOMZY 9 (TP (4) 4PST) 4 (TP(5)YsPHT) s (TP (8) yTHT)

3 tVG (1) 4OMXZ) o (VG(2) ¢OMYZ) s (VG (3)90OMZ2) 9 (VG (&) sPSIZ) o (VG (S) sPHIZ)

& (VGUB) sTHTZ) o (VG(TIsA ) o (VG(B) L) s (VGI9) +FMXP) 4 (VG(10) 4FMYP)

S (VG(11)9FMZP) s (VG(12) 9FKP) s (VG(13)+FP1) 9 (VG (14) +EP2)y (VG (15)+EP3)

REWIND
o
CONSTANTS, ZERO ARRAYS, INTTIAL COMDITIONS
o

RFEAD (54,450) M1 4M24ISUN, TRIN,ITEST

450 FORMAT (1015)

IFND = 0

N = 10

IF (ISUNJNE,N) NS = 11Y

DTMIN = 1,0F=12

PT = 3,141592654

TWwOPl = 6,283185307

CONVER = 1.F=05

DTR = ,n174532925

RTD = 67.29%7793%

Dn 15 I=1,3

PFS(1,3) = 0,
PET(2+,1) = 0,
PCE1(I+3) = 0,
PCE3(247) = n,

PEX(1¢342) = 0,
15 PFX(Ta3,4) =
PFX(548) = n,
PFX(592) = 1.
CONSTANTS FOR MAGNETIC FIELDS

NMX = 8
NMY = |
ALTV= 500,

Tt = 1969,.,25
CONSTANTS FOR DE RQUTINE

Isw = 2
JUMP = 0
NPRE= 7R

C READ TINITIAL GUESS FROM CARD _
REAND (S547) TTAREGNSF (VG (I)9sI=196),ET)
READ (54205) EI24EI3EMXGEMY JEMZEKGFP],4FP2
READ (R420%) EP3,LDT4RATIOK

205 FORMAT (RE10,8)
T FORMATY (215,7F10,7)

DTSAVE = DT
KOUNT = 0
IF(ININ,EA.N) CALL STAREDN (ITAPE)
REWITND TTAPF

C READ AND WRTITF FIRST RECNRD FROM TAPE

RFAD (ITAPF) TDeCI1+CI20CI3eCMX 4CMY oCM7 4CKoReFIeFNUZ9OMNGGMAZ

10ME o ((RETGAMIT 4+ J) o12142) 0J=1e819CP14rP2,CP3

NRITH (995) INDeCI1oCI?9CIFoCMXCMY 4C 117 4CRyRoF T FNLIZaOMNYGMAZ .

10ME y ((RFTGAMITAJ) 0J21e9) 9I=1e¢214CP1s3P2,4CPR
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314

000314

000214
00N @
00017
00n33n
onnxny
00Nz33
0003:34
00014
onnzRz7
NON3ae)
000342
00046
0007244
000345
000344
0NN3RY
000381
000357
000354
000355
[ JUEETY
00n3S7
000240

000244
000344
00nz7>
000n46an
000417
000417
0nNa’y
0004217
0nnNs?g

000427
00n43n
0004 )
0nnaip
0nnas 34
00na e
NONGan
000462
0N04 44
00N&«A
00N4<n
000437
00Nn4”A
0004&nn
00042
00N4 A
0ans~g
00N4in
0004 7y

SRR Y (1t o I 2aTR/Z/4H | 243F1e, 1/6H M 2937 1R, 8/4H K =4F16,8/
THa 1 FGA SoF 12,8741 T 34F1HL3/59H Nl 2oF 18,0/ R DM M =4F 12,0/
PR A r Y =aF12 R/TH Om F 2aF13,8/71 “FTA =,F13,8.4F16,R/74H GAMMA
QB2 aadF T, A/7TH ERAT Z4,F13,4,2F16h,827)

CO MERT GHER FROG CEGHEFRS TO RaOTANS
ARER R A Y
5y 3y 3 ) = 14,8

105 HFEIR G(Tad) = nETGA V(T ) #DTR
RIS I
C = r1p
Foxbk = Ty
Foyp = 00y
F /b = 707
LI I
e = b T
Fi = FY 2070
F oz = Frlly @ iTw
o o [redfeder, Tod
(.27 = fGtpysral
[ARRT R S LY S 73 i
Fo) = w2} # e
Fop o Fu2 # 7w
F23 oz e % aTn
Col = CutEi T
Cis? = P60 Tw
Cwd = CRAFDTL
N 16 1 2 len
V4 Ve(T) = VOITY % HTw

CoLCn AaTE » wevpy Al VALUFS FOR I&TTIAL G FSS
B 10 T =2 1.5
Cool =2 ST A~FTieev(1gl1))
RIL(TatYy = COS(HbEToc-(1el))
HELA{) e PY = Sy ILas(2,T))#CFY

101 “TL(ie3) =  «CLS(REIAAM{(24]))#CRT

Cv = & (w)
Sz Siriw)
CT = COs{Fl)y
ST = STa{b T

r

?U“F T AFee T2 RESTax] AFTER (PUATE, CO# TF € =AIRIS aNMD 1TS PARTIALS

14 T4 = 9,

frmc«s = o«
CasT = 2.
Serl o= Sl (Fa])
SEwD 2 SINUIFER)
Qe = SN (FR3X)
Civp) = AHSta=1)
C¥p2 = FOS(Twz)
CrPY = CUS (&)
T = QFBIARKER 2
TE(Yel) = LFER3RIER) e TEvRs550)
CF(iYa2) = 3 e TE vRaCEM
TEAYaR) = wQF R 4a(Ee?
DREA{Psi) = =K E2RSrE|
JePe 3y = ZEL2ZRCER]
TEAD ) = NP2
Te 0 = fLogpgh 22
SF L) = SFCRRtw] s TE sP#sEe
CO(Ra2) = SF0IRSER] o« TE AHCFP)




Qona’y
000474
0nn47y
QONK 1y
00089
00nR"7
00ns1y
000512
000%2n
0N0&s22
NONS2Pa

00052
gonsin
000537
00NS5ES
000S.n
000647
000nse R
0005hA
000557
000DRNA

000A02

00NAET
00nROR
000K N
000K 4

N0NE1 4
000K41
00NFG6R
Q0C6k4q
000has
000667
00nAEN
NONKRED
Q0NeRER
00NAER
00N6SA
000REN
000KE4
000NARG
00N6T7A
[N
DONKTA
00nART7T7
0on70N
00071~
00071
0nn712

oon72

000723

CF(3e3) = (CFR343EwD

ey e Tal e

DEEYLT41) = <CF(1e2)
ArEI(Te?) = CF(I.1)
PeF2(i41T) = WY (3eI)
LBrEILLT) = Co(ls D
PAREDI14T)Y = Cr(201)ugER]

PhH PPED R, T)
HeFER(Pe1)
BrER(242)
PrF2(7247)
COIDITE PAw . W TER
DT = £
NELT = C =~
DELT Xz Faixn
DELT Yz FAYD -
OFL_TY 7= Fi/P -
DELTr = FKR o
PELTF i=(kFR) o
DELTH U= (FLP2 o
DELTF =¥l o
v TTR (e 1 1)
FUEL T v ekl {07 ¢ WL TR G LTFY GUFI_TER 4 DEL TFA

-CI(21)#CEP?
SE 228sE0,
~Sr2RCEN
CER2
NTEFE~E OFS AN
cti/Ci2
rnL3sc12

[DF A o )

Cay e

(ML Vo -
Chy/CL2
CHl)eTh
CR2)#2TH
Cpri)awTn

“RTTE ouT

DFLTAGDELTCDELTMX o

11 Farmal (/AHDELTAS 12X 424 A 10X 42H C,
Q10N QR MK aUY 4% MY eIV GBH MT3OX e 2H Ka1AXeBH EPGl e TX9sBH EPSR4 7Y,
R FRAR / 12X 49F17,4)
Doy 10 T=)la188
102 Tlyz oy,
TR (Qe1)

L ROy (/731X aari T IME Q12X o 300X 0 12X e 39IMY 0 ] P ¢ 3907 9 12X« 3HPST L 12X
VRS T 412X e AT 4T 10X LAHCNAST /7)Y

C “FAf 160t Fow TetTanl COMNITIONS, SET 9P #0R FIRST CALL T DF ROUTINE

18wt tTTAREY TicSelSLTeALFoIFLsTIMAL (TRIT) 41zt 40} ¢ WMAR
TTeE7 = TTern
T = L TGAVE
TPy = T
13y = DXy
fir®y = Meyy
L7y = nw77
h9y = D817
Y1) RSTZ
N1 TeTY
P CE T2 R R% .1 S
Yia 1]y = 1,0
I = = &F
TEMD = Y T
I A E N TR
Tné “tly = Thek
oY ew T=1a18
S Yo g=lens
Tne La(Tely = 1,
U WAl LA
e =
Cal L A ChQ NSF oM TDFE o NiDF 4 1S g TR
C
COPNTFE RPTG=T manh STIES
Cc
FACAS & KL B R
C ORKTIT ATe LATTIT e &) 1LONGTITULF

Ty o= N7 e o TR
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0nN0T724
00073
000722
0n0734
000740
0007413
000744
000744
pOn747
00nN754
000754
00NTAN
0007«2
000741
D00TAS
0007R7
000770
00077
100774
Jo0777
301000
Jolong
301004

Jolnmin

10102
y0le23
101075
)01n2%
101032
Y0104
10lesy

yo1087
101062
JOl1nAka
101nA4
10107
101077
101074
101074
ol11m
101104
101104
101119
1011 N
IN11117
101114
il
o122
101124
1011275
101127
101130
1135
101137
101141
101145
10115n

316

207

200
NG
PO b

210

206
217

214
21

226
227

Coay o= CoS(Friy
Sy = k‘]lﬂ(Frul)
[of o] CelCaily -« CTRSOREN

TISL = SeaChi « CIaCreaSNnG
St = [ L

TF (CLCIL) 70Nna?2024200

Fr o= PTao S
INTN 24
Fr o= aras{acg(iLsL/CicL))
TE(CILS) Z20a,2ima720A

TP (CLCLY PInaZ)0e21R

Ci = “1aFL

GACTH 21k

TE (CI L) 2124721247214

A"-‘u = F""-P]

Sy T 21w

Fi = «Fi

MOAT = ASTMIARS(3LA))

TE (K1 av) 220472224227

M AT = «'LNAT

M ONG = Fl e G A7 = OCERNTIMF
O ADSD ATH#~T )

LHENIAE S IR LNIEE 2= I

C “AGNETIC FTELD

TALL FIFIDG (D 80 ¢ LN ) e Al TeTYaNMX g™ Y F X oFY4F7eF)

COYFRT A To TWFRTTAL S~ACF
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APPENDIX K
A METHOD FOR DETERMINING THE OFF-SET ANGLE €3

It was stated in the test that it is difficult, during simulations, to distinguish
between the initial condition 90 and the off-set angle €3¢ The reason for this
is that the two partials

aH aH
390 363
are nearly equal at observation instants. Thus, the matrix

3H

G = W (K1)

has two columns which are approximately equal. This causes difficulties on
the computer, because of finite word length, although it may be possible to
determine both 90 and €ge

The method considered here replaces ili with the difference between the
de
3

two columns. Thus, the resultant columns are well distinguished, although
one of them may be close to the zero vector (it is possible for the column to
be the zero vector. In this case, €3 may be set to zero, for it is unim-

portant so far as the solution is concerned:)

For convenience, the differential equations are rewritten in the form

X f (x, 6, a) (K2)

0

g(x, 6)

where the vector x has components (wx, wy, W, » ¥, 9, and 0 is the usual

pitch angle. The parameter vector a is unimportant here, but is included for
completeness.

The constraint equation in the test has the form

Al (B: ‘)’) C (€1: €2: €3) E(’l/: @, 9) S(Q‘, 6) = 0. (KS)
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The problem occurs when R 0, for then 6 and €3 are additive rotations.

The additivity is emphasized here by redefining the order of rotations for the
e's as
€3 about the body y axis
€9 about the new x axis
€ about the new z axis
Then (K3) may be redefined as
A,(B,¥) Dlejey) E(W,8,8) S (,0) = 0 (K4)
where the new angle is defined

E = 8+¢g. (K5)

Matrix D takes the place of C, and E has the same form as before, except
that argument 6 is replaced by 6 + €g

The form of the solution of (KZ) is

x=x(t, x ,0 ,a) , x(0)=x
o' o o (K6)
6 = 6(t, X 90, a) , 6(0) = 60.
/
Then the partial derivatives of interest for (K4) are
\
ﬁ=A1D 3E ¥ , ¥E 3¢ , 3E 36 |g
3, Y ¥, 3¢ 36 3 36
? (K7)
8H AD 2E g,
3 4 )

During simulations, it was found that %g’- and g—g were close to zero, and
o o

30 . .
that—a—e was approximately unity. Thus, (K7) and (K8) are nearly equal.
o
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Now suppose that (K5) is inserted into (K2) to change variables from 6 to .
Then the differential equations are changed to

}'{=f(x: E"€3J a)
f (K9)
§ = g(x: g - €3’ a)
and the solutions have the form
x=x(t, x , € - ¢q, 3)
o’ ~o 3 > (K10)
g = e(t’ XO' go - €3; a) + €3.
Comparison of (K6) and (K10) shows that
& _ 93X 96 _ ar
axo axo axo axo
(K11)
ax _ 8x ¥ _ drf
an 680 360 a{:o

Thus, the variational equations for both systems are the same, and yield the
same solutions., However, from (K10-Kl11l), one finds

& oL . 3
BQB 360 3§O
> (K12)
ag = 1- 30 =1« BE
%3 300 an

From (K11-K12), it then follows that

°H . & (K13)
ago aeo

3L _ \ y3E ¢ _ all |
— 17— . (K14
863 oFf 3%,
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Equation (K13) is the same as (K7), so the change of variable does not affect
that column of matrix G. However, comparison of (K8) and (K14) shows that
(K14) is the difference between (K7) and (K8). Thus, the new G matrix has a
difference column. The partials on the right-hand side of (K12) come from

treating €3 as a parameter in the differential equations, whereas the one in

the last of (K12) corresponds to the original change at the observation point,

If (K14) is very small over the time interval of interest, then €3 cannot be

determined. In this case it is set to zero, and a reduced dimensional problem
is solved.

From a numerical standpoint, it is not good to work with the difference be-
tween two numbers that are close together. Thus, it is advisable to integrate
the variational equations to obtain (K12), rather than to use the solutions (K11)
in equation (K12). The variational equations have the form

a ax _ ¥ ax  affae | & (o -g
dt 6
d¢eg ™ degz 9 La€:3 ] deq > (K15)

d 3 _ 3g 9x , dg| o€ -1?, % (0) = 0.
dt 863 aX d¢e ae Lae3 a€3

Since i@_ is generally small, the bracketted term in (K15) is well defined,
de
3
so the solutions should be well behaved.
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APPENDIX L

EFFECT OF INSTRUMENT ERRORS -
TORQUE-FREE CASE

Suppose that stars may be observed in the time interval 0 <t = 1419 seconds

and only the sun is observed in the time interval 1419 < t < 4731 seconds.
Observations of this type are expected, for it may not be possible to obser
the stars if sunlight impinges on the spacecraft.

Utilize the notation as defined in reference 7, and investigate the effect of
errors in the transit times. The following assumptions are made.

1. The body is torque-free,

2, 6 = 5°(cone angle)

¢0=YO=OE€1§€2

¥ = -8,9487°/second (spin rate)

¢ = 26.8462°/second (precision rate)
£ = 0 = 68°

T = 1i = 97,38°

The rates ¥ and 3 were derived by assuming a spacecraft whose moments
of inertia are givenby A = B = 40 slug ft2, C = 60 slug ftz, and whose
nominal spin period is 20 seconds.

3. Three crossed slits of the formXare utilized when observing star
transits. The parameters which define these slits are given by

'Yl = 20, 3° —'\(3

B, = 27.5° = -B,
)\2 = Bz = (

The definition of the angles y and 8 are given on page 11 of reference 7.

ve

345



4, The sun is assumed to be a point target, and two slits of the fo_rm \/
are utilized when observing sun transits. The parameters which
specify these slits are defined by

Yg = Yg = 0

— -]
84 —BS =10
5. During the time interval over which stars are observable, 0 <t <
1419 seconds, only stars within 110° of the spacecraft's instan-
taneous zenith can be utilized. Moreover, only stars of visual
magnitude 2.5 and brighter are utilized. The instrument stellar
field of view is chosen as 20°.

6. For both the sun and stars, data is gathered over three consecutive
scans and then no data is gathered on the next seven consecutive
scans. This pattern is repeated.

7. The distributions of each time measurement are independent. The
mean of each distribution is the true value, and the second moments
exist, Moreover, (0 ti) = 0,155 x 10°° second. Also, the input

errors are small enough so that each output error is a linear
combination of the input errors.

8. All data is reduced by a least-squares method. Stellar and sun
transits are weighted equally.

Of all the above assumptions, (1) is the most severe. In the presence of
torques, it may not be possible to utilize data gathered over a long time
duration. Thus, the numerical results obtained by use of the above assump-
tions can only be considered as a lower bound to the accuracy of the system.
Nevertheless, it is important to obtain some knowledge of the accuracy of
the system for the case when only the sun is observable for long time
intervals,

Because of (8), it is possible to write
5§ X = A ot
where

o} }? is a 7 x 1 matrix such that

6 X' = (60, 0¥, o% 83 , 0h, be, b7),
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A

6t =n x 1 matrix whose elements are the transit time errors.

7 x n matfrix, where n is the number of observations,

Thus, the covariance matrix of the random variable, -6-}2, is given by
E(6X 6X1) = AE(Btot]) AT =o%6t) A AT

In the time interval over which stars were obser ved, 376 stellar
transits of eight stars were obtained. Note that the cone angle of 6 =5°
has the effect of increasing the effective field of view., However, not all
stars were observed on every scan. Ninety-nine sun transits were obtained.

With these assumptions, we compute the standard deviation of the
seven unknowns with and without use of the sun transits; the results are
shown in Table L1,

TABLE L1, -- STANDARD DEVIATION OF UNKNOWNS (ANGLES
MEASURED IN SECTIONS OF ARC, AND TIME IN
SECONDS.)

With sun Without sun
a(d 6) 3.59 3.65
0(5¢0) 53.57 80, 32
oo 0.0260 0.107
0(6‘1’0) 52,99 79, 22
(6" 0. 0262 0.104
o{68) 3.82 4,03
g6 4,01 4,18

Note that the sun observations have improved all the unknowns, but the
largest improvement is in the rates.
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The quantities shown in Table L1 are not those of primary interest. 'Of more
interest are the errors in the declination of the 16 axis. This axis passes

from near the North Pole to near the South Pole.

Now,one may write

ba = B 6 X
where

6a = error in the declination of the 16 axis

B = al x 7 matrix where elements are functions of t.
Hence,

J2(6a) = BE (6% 6xT) BT

Results are plotted in Figure L1 for two ten-second time intervals. The first
time interval is immediately after losing the stars, the second immediately
after losing the sun. The effect of the sun observation is also shown in
Figure L1.

Because assumption (7) was utilized in obtaining Table L1 and Figure L1, the
nonlinear effects of the problem were assumed to be negligible. These
additional effects were investigated by a Monte Carlo technique. To the true
times, errors were added which were generated by randomly choosing a
number from a gaussian distribution whose mean is zero and whose standard
deviation is 0,155 x 10-3.
If only star transits are utilized, the results are

66 = 0.148 second

6¢0= 1,775 seconds
6¢ = 0.0072 second/second

0y = -1.710 seconds

(o]
et
i

0.0110 second/second

>
a1l
il

0. 587 second
6T = 0.850 second

These resultsthen imply an error in the declination of ,{6 similar to those

shown in Figure L1,
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In summary, it has been shown that if star transits are observed followed by
a period with only sun transits, then the torque-free model does produce

errors within the allowed ranges. However, these errors must be considered
only as a lower bound of the true errors.
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APPENDIX M
LEAST-SQUARES SOLUTION TESTING PROGRAM
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IFy
9001

99092
0003
000a
900%
N0os
0007
VU010
911
007
0013
U014
0015
00186
0017
0020
%021
N022
0023
0024
0025
0026
0027
U010
0911
0032
V333
v034
U03%
V0136
U037
V040
Y04l
voa2
V043
U0aa
Vo4
Y0as
0947
voso
0851
V92
V053
vos4g
00s5
Y056
uos?
0060
0941
00s2

0063
0044
0045
0066
0067
0070
0071
0072
2073
0074
0075
0076
0077

EFN

An
15

20

599
50

44

43

1?9
A2

48

52

72

110

112

Ta

54
60

70
L1
5R

99

AgToMaTA 1825 STUeCE PRD6%4M LISTING
PRIGRAMS  3[AH7K JI3: HOMPEST]=ECKART

DIMENSION PG{15¢16)e2(15+18)eFF (15) +KD(6)+2S(15+16)+2RID(15)
192E(15)

READ (548) P4PE

FORMAT (4E20,12)

WRITE (9440) PE,P

FORMAT (BEL1S,T/7€16,7/7(2015.7/1F1341))
EAD (542) MLeM2,KSJRs ]

FARMAT (919%)

1F {M1) 96,9919

00 20 1 = 1915

nn 2n J =g 1,16

PG(14J) = P(led)

WRITE (942) M1 4M24XSUBKN

DA 599 [ = 1415

PF (1) = PE(])

PG(1+M2) = PG(L1416)

1F (XSUR) 18,48,59

NN 42 1 = 1,.K54U8

K s «D(1)

DO 43 LaKyM]

PF(L) = PF(Ls+D)

nn 43 J = 1 M2

PG(JoL) = PH(Jst el

DN 120 L = KoMl

DO 120 J = [ 4M2

PG(LeJd) = PGIL*1 )Y

CANTINUE

M1 = M1 = KSUB

M2 2 M2 - kS8

NCVYR = M2

BN 52 1 = 1415

DO %2 J 3 1416

PS(1sJ) = PG(Lle)

CALL SHINAD -(I13nLT0SILoMledCVaePiyl3ekWA40TIT)
M 72 1 = 1,M1

PROD(I) = 0.

DN 72 J = 1eMl

PROD(I) = PRODI(TY & Pu{JoyM2)®PS(14J)
NN 134 | = 1ML

PG(IeM2) = PG(IoM2) #PF(])

I1SpOL = 1SOL ¢ InSnl

IF (1800L=2) 1lo.ltr2.110

WRITE (946) I1SOLINSNC LFT

FORMAT (16H ERROR N SHMINVR,. 214,F16,8)
60 T0 60 A

WRITF (94R) (PG(14+72)s121415)
FARMAT 77354 DY 242Ys1J0E11.8/7%Xe5F1104)
WRITE (944) DET

WRITE (94+74) (PS(14i2),PR00(11410=14M1)
FARMAT (SHCHECK/(€F1hen))

0N 5a 1 = 1+15

DO 54 J = 1.16

PG (1,00 = PS(ly)

CALL CJM (15+M1a154PSsTERR)

CALL RANK (15.M1,4n,IRANK,DET,P&)
WRITE (9+70) IRANK,DET

FORMAT (AHRANK = #184240FT 3 +E15.8)
IF (1ERR) 56+58,56

WRITE (9440) PS

GG Tn 18

WRITE (94+40) (PS(Ief}atstls®!l )

6" Tn 18

STOP 11

END

HOMPEST]



IFy

0001
9902
0093
0004
0005
2094
0097
U010
0011
0012
U013
V014
0015
Unys
0017
0020
0021
3022
0023
D024
0025
0026
9027
U030
0031
0032
U033
0034
00135
V36
99137
0040
Uoal
Vo042
Uga3
ungq
0045
Udas
vda7?
Vns0
uposl
0os2
U053
0084
voss
uose
uos7
0060
0061
0042
00g3

EFN

20

21
27

23

27
30

3]
32

w D 4>

3s

AT a¥AT . Yuny ANVl 3
PROGRAME  PRAGN®

SNBRAYTINE RANK (NNKentTRESIRANKSNCTeS)
DIMENSION ERR(15,18),3)(14h),S2(1%)
DIMENSINN S{MNKGNNKY
18=9
821./.6931471806
IR=)

JR=z=1

HMlzNel

DO 1 I=1,4M

nn o1 JsleM
TF(S(T1a4)121420021
JRE=0

6070 27
JRE=R®ALDG(ABSF(S(Tegl))
KRE=JRE=IRE
ERR(14J)=2,22KRE
D0 100 K=14NM]
I3=1A8e1

JR=z 8+

KK=18

LL=J8
B15=ABSF(S(IB4JR))
DG 4 I=1HeM

DO 4 J=JHeN
IF(RIGeABSF (S(1ag)))3va4a
KK=1

LL=d
BIG=ABSF(S(1sJ))
CONTINUE
1F(R1R)22423,22
I{RANK=0

DET=0

RETURN
TF(LL=JR{547s5
IF(1$)Y320,3)230

15=0

50710 32

18=1

07 4 1=14M
S1(1)=5(1+J8)
S2(1)=ERR(1+JB)
S{leJR)I=S(T,LL?
ERR(1+J3:=ERR (I L)
StI+LL)=S1(D)
ERR(TeLLY=S2(I)
1F(XX=I8)R,104+8
TF{15)33,34+33

18=)

GNTH 35

18=]

N0 9 J=1.M

noANR v

rnng

LISTING

OO r ST Taf LAY

MDUBFST]

354




IfFn

0064
0045
D046
0067
0070
0071
0C7r2
0073
0074
0075
0076
0077
0100
2191
0102
0103
0lo0a
0195
0106
0107
o110
U111l
Uig?
0113
Vitre
J115
116
0117
0120
0121
0122
0123
0124
0125
O0l24
0127
01130
0131
V132
U133
0134
U1l3s
Ul3s
V137

355

EFN

15

37

AUTJUMATH 1809 S0yYRCE  PRISRAM
PROGRAM?  Rarg NLE]

S1(J)sS(1B,J)
S2(J)=ERR(IR,J)
SUIR4JI=S (KK D)
ERR(IBoJIZERR (KK (V)
SIK e J)=S1 ()
EOR(KkKe J)=S2(J)
11=18+]
J1z)Bs+1
KEND=O
on 11 1 1e
nn 11 J=Ji,
E1=ARSF(S(1B41B))

E2=A9SF (ERR(]vJ)aS(1RsIB))
£3=22,0(ARSF(ERR(IB,IEIns (a0} ))
FA=ARSF(ERR(IBeIBIBFRR(14J))

ES=ABSF (ERR(1Bv ) %S (]1B))
E6=ARSF (ERR (1eJBYOg(13,)))
E7=A3SF(ERR(IByJ)?FRC(14.)3))

ER=ABSF (ERR (IR IR o5 (la, )5 (i,90))
E9xE160¢E1+2BSF (ERR(1Be18)))

S(le)aS(le )=(S(14uB?/S(IRS1B))BS(IR,)
TF(S(1+J))25+24,25

JRE=0

GATH 26

JRE=ReALOG (ABSF (S(1sJ)))

K&F=jRE«IRF

ERR(T eI =(ELO(E24FE30FQ+ER+C0¢ET)4E0)/(E9) 42 00KRE
IF(ARSF(S(ToJ))mERR (v 1))L1011012

KEND=)

CONTINUE

D013 I=114N

S{1+JR)=0,0

IF(XEND)100+144100

IRANK=IR

RETURN

CONTINUE

IRANK=N

DET=1.0

DO 15 IsleM

DETaNETaS(I,1)

1F(15)36,37,36

DFTS-DET

RETURN

END

=] N
=J] N
S(18

LISTING
HOMPESTI=ECKARTY

HDMPEST]



1Fy
0001

0092
0003
0004
2095
0006
0007
0010
9011
uny2
0013
00142
un15
9016
0917
0020
2021
0022
0023
0024
0025
9026
0027
0030
V93l
v032
V033
V034
9035
UIEY)
voar
0040
vVoal
voa2
voa3
V0as
Y045
UDas
Voa47
vops0
0051
00s2
vos3
00854
7055
Vdse
uos?
0040
2041
00¢2

0063
0064
0045
Y0sb
0067
3070
0071
0072
0073
0074

P
~

EFN

SOLVES FOR THE EIGEN vALUFS OF * g7AaL SYMETRIC MATRIX 3Y TAE JACNRT METHan

150

An

81
R2

83
84

70
60

65
30

AV 39 -2

190

a0

42
25

AUTOMATH 186y 3DURCE  PRNGRAM  LISTING
PROGRAM: PRNAGA" J37: H0MpFSTI=SCKART
SUBROUTINE CIMINNeNXA,P,JERR)

DIMENSINN P (MNgNN)
NM]=zNe}
1ERR = 0
ICNT = 0
nn 100 1=}
IPi=1s+1
D2 100 J=1P1l.N

IF(o(1+J))80,102,81

15=1

Gn 1o 82

15=2

NNE=P (14 ]) =P (Je )

IF{(DDE)B4,83,484

GOTN(60,65)41S

A3, 58 (ATAN(2.9P (1+))/0DEY)
IF(ARS(AY«¢7853981AR)FJ4304T2
1€(A)A0460465

Az-,78339816

GOTH 90

A=+ ,78239816

Ca=cns(A)

SA=SIN(A)

S2A25IN(2,84)

PlI= P(l1,110CAaCASP (1, 1) ¥57A+P(JyJ)0SARSA
PJJsPU]s1)8SASALP (1eu)ec2A+P (10 ))#CARCA
Pllel)=PIL

Ptled)aPJY

DO 7 L=1WN

IF(L=1)447,48

IF{LaJ)bs546

P(leL)20,

PlLa1)=00

GNTn 7

R12P (TsL)®CA+P(J,L)aSA
RJI=P(JsL)8CA=P([,L)®SA

P{l4L)=R1

PlJslL)=RJ

P{Lel)=2R]

P(LeJ)=RJ

CONTINUE

CONTINUE

SSNDxP (NgyN)#P (NoN)

SS0D=0.

NN g9 K=y ,N”]

KPi=Kel

SSN=5S5DeP (KoK)®P (KoK)

N0 9 L=KP]eN

IF (ARS(D(r, L)) w1, Eaar)yoeldsl]

P{KeLY=0os

PlLyk)=0,

5070 9

5500=550D042e2P (K, L) P (< L)

CONTINUE
IF(550D/58Nw(1e/(10.29xXK))125,25,40
ICNT = ICNT + )

IF (1CNT.10) 150,150,32

IERR = =7

RETURN

END

s NM]

“DMPFST]
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1Fy

0001
0092
0003
0004
0005
Q0ne
0007
0010
0011}
0012
0013
uo14
uoys
0o1e
uo0y7
0020
0021
0022
0023
0024
0025
0026
0027
0030
Vo3l
una2
V033
0034
0035
U036
U037
Y040
Yoal
Vo042
Vga3
Yoaa
Yoas
Y0as
V047
Voso
vosy
0052
Uos3
uos54q
Y]
Vose
0o0s7
0060
vosl
00s2
0043

357

EFN

1
12

13
14

le
17

18
19
20
21
22
23

25

24

27
2R
29

AUTIvATH

PROGRAMI  pyn5)

1200

SMROZ

PG IAM

Jn3is

SUBRAUTINE SHINAD(ISOL IM3OLaNRNC A MRAGKWA,DET)

DIMENSION A(1) ekWA (1)
TR=NR

1SoL =1

10s0L=l

CALLOVCHK (TVF)

CALL OVERFL (IVF)
TF(NR) 61461011

1F (1R-MRA) 12412481
1C=148S(NC)

1F{1c-10) 13,14,14
IC=2[R

[AMP 2]

JAMP=MRA
KRMP = jRMP 4 [AMP
NES=zJR% JAMP
NET=ICoJR9P

IF(NCY) 1%+61%1e
RIBRENEL LS|
IRICaIR~IC

GO To 17

M0tvsl

MAD =MDIV

MSER=]

KSERsIR

M7 =1

DET=1.O

Piva0,0

1=MSER

IF(1=KSER} 20120,23
IFLans(a(y)-21vy22,22421
PIVaABS(A(]))

[Ps]

12]+18MP

6N 19 19

IF{PIV) 24.62+24
IFINCY 26425425
1=21P=((1P=1)/J3MpP) #l3 1>
JEMSER= ((MSER=1) /R0l 5 24P
JJ=MSER/XBMPe]

I1=J4+ (1P=MSER)
KWA () =11

GN 10 27

Ialp

JZMSER

IF{1P<MSER) 61131424
IF()=NET) 29+29,30
PSTO=AL])

AlL)=al))

A(JY=PSTYO

121+8MP

LISTING

HOMPESTleFCARY

HOY2F 8T

091
992
093
094

109
010
011
012
0113
014
n1s
014
617
018
019
020
221
022
v23
024
c2%
026
027
g2e

031
032
U33
03a
03%
035
037

039
040
can
042
043
Naa
N45
044
047
04n
049



IFn

0064
0045
09%¢6
0047
0070
2371
0372
0073
1974
9078
9976
0077
01s0
7191
0192
0103
0194
0195
196
0137
0110
Vi1l
J112
U113
Ol1a
J115
T11s
o117
0120
1721
3122
0123
0124
2125
3126
0l27
Ulag
0131
U132
01133
V13
Y135
J13s
Ul37
uia0
0141
Jia2
U1a3
Ulas
V1ias
Jisge

EFN

30
31

190
33
35

800

601

a4

a5
145
ag

a7

AT IMATH
PROSGRAM!  SATNAD

JzJegaMp

50 T0 28

DET=.NET

PSTO=A(MSER)

WRITE (9+100) PSTO,1?

FARMAY (E164.8¢18)
NET=NETHPSTO

CALL OVERFL(IVF)

GN TO (34,33)41VF

G0 To 3%

INs7 = 2
PSTO=1,0/PSTC
CALLNVIHK (IVE)

50 Ty (60046C1)e1VF
182 = 3

1soL =2

GO Tn 65

CANTINUE

A(MSER) 214,19

I=MD1IV

IF(1-NET) 37937439
A(ly=a(1)ePSTO

[=1+ )AMP

60 T9 3¢

1F (M2-KSER) 40940945
IF(MZ=MSER) 41444041
12M40

JEMDLV

PSTN=zA(M7)

IF{NPSTO) 1424444142
AtMLy=0,0

1F(J-NET) 434431434
Al1)=A(1)«A(J)®PSTN
NEXRERLLL

[=1+jaMP

60 To 42
qAD=4AD«[RAMP
H7=M2+1AMP

59 10 39

CALL QVERFL(IVF)

30 To (634135)s1VF
(SFEA=KSFERe JRM?
[F{XSERAYES) 46,464953
MSERZMSER+KBMP
1F(HE) A4BedaT447

MR Iy=HDV+TRAMP

M7= ((45F2=1)/7J8M4p) alp 1241
1aD=1

60 Tn 52

MR Y=MDIVekBM?
[F(1R10) SNs49450

182,

304RCE

2396R4Y

Jn3d:

LISTING

HOMPESTI=FCKARY

HDMnFEST]

050
051
0%52
053

059
060
361
362
Vg1
Oea
06%
264
267
068
069
270
271
0712
073
974
071%
476
017
978
079

031
da?
333
984
03%
244
037
088
9R9
799

358




AUTIMATH 1870  SIJRCF  °RI3%44 LISTING AOMPESTL

IFy EFN PROGRAMS gAtndd Jae YoM E3TI-FrkAry
v1a7 49 M7=MSER+IAMP 03]
0150 50 T9 51 2392
Dls] 59 MZ=((MSER=)) /UBMP) BJdRMo4) 031
Ols2 51 MAD=VZ+JBMP 094
0153 52 6N Tn 18 095
0154 S3 IF(NCY 65454454 294
0ls5 54 Jo=1p 097
0lse 55 1F(JR) 61465456 098
0l1s7 56 IF(KAA(JRI=JR) 61v60,57 099
2140 57 K=(Jr=1)aJRMP 109
Olgl J=K41R 101
Ole2 L=(KWA(JRY =]1) #JRMP 4 IR 192
0143 358 IF(JaXx) 61960459 103
9144 59 PSTO=4(L) 1L
0145 AlLYsA(YD) 1238
Ols6 AlJ)=sPSTO 104
01¢7 J=J=1BMP 197
0170 L=L~18M2 198
0171 50 T9 54 199
0172 60 JR=JR~l 110
0173 GO 19 55 111
9174 41 180L=3 112
0175 39 To 65 13
0176 62 DET=0,0 iia
177 1SoL=2

0200 INsar =1

9201 6N TH 65

0202 63 ISOL = 2

0203 InsoL = 2

0204 6% RETURN 1154
029% END 117

359



10.

11,

REFERENCES

Anon.: Delta Payload Planner's Guide. Douglas Aircraft Corp.,
Missile & Space Systems Division, June 1966.

Karrenberg, H.K.; Levin, L.; and Lewis, D.H.: Variation of Satellite
Position with Uncertainties in the Mean Atmospheric Density. TDR-
594 (1150) TN-7, Aerospace Corp., 12 June 1961,

Kirk, Raymond J.; Kahnke, Joseph; and Hartman, David J.:
Conceptual Mechanization Studies for a Horizon Definition Spacecraft
Communications and Data Handling Subsystem. NASA CR-66381,
May 1967.

Anon.: Space Tracking and Data Acquisition Network Facilities
Report (STADAN). NASA TM X-530-66-33, December 1965,

Anon.: Aerospace Data Systems Standards. NASA TM X-560-63-2,
January 1963.

Anon.: Telemetry Data Processing Source Book. NASA TM X-545-65-
198, May 1965,

Anon.: Starmapper Attitude Determination Final Report. Control Data
Corp., October 1965,

Farrell, E.J.; and Zimmerman, C.D.: A Theoretical Investigation of
Information Limits of Scanning Optical Systems Final Report. Control
Data Corp., 1965, pp. III-39 to III-41,

Beletskii, V. V.: Motion of an Artificial Satellite About Its Center of
Mass. NASA TT F-429, TT 67-51366, The Israel Program for Sci.
Transl., 1966,

Kalman, R.E.: A New Approach to Linear Filtering and Prediction
Problems Transactions of the ASME, March 1960, pp. 35-45.

Cox, Henry: On the Estimation of State Variables and Parameters of

Noisy Dynamic Systems IEEE Transaction on Automatic Control, Jan.
1964, pp. 5-12,

361



